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PREFACE. 


W  HEN  it  is  attempted,  as  in  works  of  the  following  de- 
scription, to  sketch  the  actual  state  of  a  particular  science, 
and  at  the  same  time  to  point  out  a  few  of  the  conclusions 
that  may  be  hazarded  from  known  facts,  an  author  has  al- 
ways  great  difficulty  in  avoiding  unnecessary  and  tedious 
detail  on  the  one  hand;  while,  on  the  other,  he  must  notice 
such  a  number  of  facts. as  may  convince  a  student  that  he 
is  not  wandering  in  a  wilderness  of  crude  hypotheses  or 
unsupported  aissumptions. 

By  some  it  will  be  considered  that  too  much  space  has 
been  allotted  to  lists  of  organic  remains  in  the  following 
pages.  Considerable  attention  has  certainly  been  paid  to 
such  catalogues,  as  the  zoological  character  of  certain  rocks 
is  now  the  subject  of  much  research,  and  as  the  result  of 
such  investigations  may  be  the  knowledge  of  some  of  the 
principal  conditions  under  which  the  fossiliferous  rocks  were 
produced:  moreover,  the  author  considered  that,  for  prac- 
tical purposes,  there  was  no  alternative  between  rendering 
them  as  perfect  as  his  means  of  information  would  permit,  or 
of  omitting  them  altogether.  It  must  however  be  confessed* 
that,  though  constructed  from  apparently  the  best  autho- 
rities, these  lists  require  severe  examination ;  for,  unfor- 
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tunately,  the  study  of  organic  remains  is  beset  with  two 
evils,  which,  though  of  an  opposite  character,  do  not  neu- 
tralize each  other  so  much  as  at  first  sight  might  be  antici- 
pated :  the  one  consisting  of  a  strong  desire  to  find  similar 
organic  remains  in  supposed  equivalent  deposits,  even  at 
great  distances ;  the  other  being  an  equally  strong  incli- 
nation to  discover  new  species,  oflen  as  it  would  seem  for 
the  sole  purpose  of  appending  the  apparently  magical  word 
nobis. 

There  can  be  little  doubt  that  from  these  and  other 
sources  of  error,  the  same  organic  remains,  particularly 
shells,  often  figure  in  our  catalogues  under  two  names; 
and  that  the  exuviae  of  certain  animals  are  marked  as  dis- 
covered in  situations  where  they  have  never  been  found. 
Notwithstanding  these  difficulties,  it  will  however  be  evi- 
dent, from  a  glance  at  the  catalogues  of  organic  remains, 
that  a  great  mass  of  information  has  been  gradually  col- 
lected on  this  subject  alone,  from  which  the  most  impor- 
tant results  must  follow,  even  though  the  various  lists  may 
require  considerable  correction. 

As  the  author  has  endeavoured  to  address  himself  less 
to  the  accomplished  geologist  than  to  the  student,  though 
it  is  hoped  that  the  former  may  also  find  matter  interest- 
ing to  him,  he  has  been  particularly  anxious  to  point  out 
his  various  sources  of  information,  even  when  he  has  him- 
self visited  the  same  countries ;  that,  independently  of  the 
fundamental  principle  suum  cuique,  the  student  should  be 
enabled  more  fully  to  avail  himself  of  the  labours  ,of  the 
various  authors  cited,  by  referring  to  their  published  works 
for  greater  detail  than  could  be  admitted  into  a  volume  of 
this  description. 


-  In  a  rapidly  advancing  science  like  Geology,  to  which 
new  &cts  are  constantly  added,  and  in  which  the  chances 
of  new  views  by  their  combination  are  consequently  mul- 
tq>lied,  it  is  almost  impossible  to  avoid  hazarding  certain 
g^ral  conclusions,  when  the  various  known  facts  pass  in 
review  before  us.  In  those  which  the  author  has  ventured 
to  bring  forward,  he  has  endeavoured  always  to  follow  that 
system  of  induction  which  can  alone  lead  to  exact  know- 
ledge; but  as  truth,  and  truth  alone,  is  the  object  of  all  sci- 
eooe,  he  can  sincerely  declare, — that  if  from  the  discovery 
of  new  facts,  or  from  more  sound  views  respecting  those 
already  known,  his  conclusions  should  not  appear  tenable, 
he  would  not  only  be  most  ready  to  abandon  them,  but  to 
rgoice  that  an  untenable  hypothesis  may  have  been  the 
means  of  leading  to  more  exact  knowledge,  if  it  should 
have  fortunately  so  happened  that  it  promoted  the  requi* 
ate  inquiry.  Essentially  it  is  of  little  importance,  whose 
cor  what  theory  may  in  the  end  be  found  most  accurate ;  so 
bng  as  we  approximate  towards  the  truth,  we  accomplish 
all  that  can  be  expected ;  and  it  is  clear,  that  the  greater 
the  amount  of  known  facts,  the  greater  the  chance  of  accu- 
racy, not  only  from  the  larger  mass  of  information  presented 
to  the  mind,  but  also  from  the  frequent  checks  offered  to 
hasty  conclusions. 

Happily  facts  have  become  so  multiplied  that  Geology 
is  daily  emerging  from  that  state  when  an  hypothesis,  pro- 
vided it  were  brilliant  or  ingenious,  was  sure  of  advocates 
and  temporary  success,  even  when  it  sinned  against  the 
laws  of  physics  and  facts  themselves.  It  is  not  difBcult 
to  foresee,  that  this  science,  essentially  one  of  observation, 
instead  of  being,  as  formerly,  loaded  with  ingenious  specu- 
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lations,  will  be  divided  into  different  branches,  each  inves- 
tigated by  those  whose  particular  acquirements  may  render 
them  most  competent  to  do  so ;  the  various  combinations 
of  inorganic  matter  being  examined  by  the  Natural  Philo- 
sopher, while  the  Natural  Historian  will  find  ample  occu- 
pation in  the  remains  of  the  various  animsUs  and  vegetables, 
which  have  lived  at  different  periods  on  the  surface  of  the 
earth. 

Excepting  the  lists  of  organic  remains,  general  sketches 
have  been  alone  attempted  in  the  following  pages,  even 
though  the  temptations  further  to  develope  a  given  subject 
were  often  sufficiently  great,  and  the  necessity  of  restraint 
abundantly  mortifying.  It  is  however  hoped  that  enough 
has  been  done  to  assist  the  progress  of  those  who  may  be 
desirous  of  entering  upon  the  important  science  of  Geology ; 
and  if  fortunately  this  little  work  should  fall  into  the  hands 
of  any  who  may  in  consequence  be  induced  to  become  fel- 
low-labourers in  that  great  work,  the  advancement  of  know- 
ledge, the  objects  of  the  author  will  be  most  fully  accom- 
plished. 


PREFACE 


TO  THE  SECOND  EDITION. 


A  FEW  months  only  having  elapsed  since  the  publication 
of  the  First  Edition,  little  more  has  been  accomplished  in 
the  present  than  the  addition  of  such  information  as  has 
been  published  in  the  interval^  or  which  the  personal  ob- 
servations of  the  Author  have  enabled  him  to  present. 
Attempts  have  indeed  been  made  to  purify  the  lists  of 
Organic  Remains,  not  only  by  rejecting  the  names  of  fossils 
which  were  decidedly  synonymous  with  others  retained, 
but  also  by  omitting  the  names  of  such  exuviee  as,  in  all 
probability  were  erroneously  supposed  to  have  been  disco* 
vered  in  the  rocks  and  localities  enumerated.  Considerable 
additions  have  likewise  been  made  to  these  catalogues,  but 
chiefly  on  the  authority  of  Deshayes,  Goldfuss,  Munster, 
and  others,  whose  accuracy  in  this  branch  of  geological 
research  is  well  known  and  generally  acknowledged.  The 
lists  in  question  still,  however,  demand  severe  examination, 
and  it  will  probably  require  much  time  and  frequent  com- 
parisons of  specimens  themselves  with  each  other  before 
they  assume  that  character  which  is  so  desirable. 


X  PREFACE. 

While  availing  himself  of  these  and  similar  catalogues, 
the  student  should  be  careful  to  recollect,  that  however 
great  and  valuable  the  aid  of  Zoology  and  Botany  may  be 
in  geological  investigations,  Physics  and  Chemistry  are  of 
still  greater  importance ;  inasmuch  as  the  former  can  only 
be  employed  with  advantage  in  explanation  of  a  portion  of 
the  phaenomena  observed,  while  the  latter  are  available  to 
a  very  great  extent  in  explanation  of  the  whole. 
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ABBREVIATIONS 

OF 

AUTHORS'  NAMES 

IN 

THE  LISTS  OF  ORGANIC  REMAINS. 


Bast 

Basterot  . 

Goldfl 

Goldfiiss. 

Beaum. 

Elie  de  Beaumont 

Jag. 

Jager. 

Blain. 

Blainville. 

Lam. 

Lamarck. 

Blum. 

Bliimenbach. 

Lam*. 

Lamouroiix. 

Bobl. 

Boblaye. 

Unn.     ■ 

Linnaeus. 

Broc. 

Brocchi. 

Long. 

Lonsdf^. 

Al.  Brong. 

Alex.  Brongnisrt 

Mant 

MantelL 

Ad.  Brong. 

Adolpbe  BioBgftMrt 

Jkliuut 

Munster. 

Brag. 

Brugui^re. 

Murcb. 

MfHTcfaison. 

BuckL 

Buckland. 

M.  de  S. 

Marcel  de  Serres. 

Conyb. 

Conybeare. 

Nils. 

Nilsson. 

Cuv. 

Cuvier. 

Park. 

Parkinson. 

DeCyOrDeCau.  DeCaumont 

Phil. 

Phillips. 

Defr. 

Defrance. 

Rat 

Rafinesque. 

DelaB. 

De  la  Beche. 

Rein. 

Reinecke. 

Desh. 

Deshayes. 

Schlot 

Schlotheim. 

DesM. 

Des  Moulins. 

Sedg. 

Sedgwick. 

Desm. 

Desmarest 

Sow. 

Sowerby. 

Desn. 

Desnoyers. 

Stemb. 

Sternberg. 

Dufr. 

Dufr^noy. 

Thir. 

Thirria. 

Dum. 

Diimont 

Y.  &B. 

Young  and  Bird. 

Faig.  de  St  F. 

Faujas  de  St  Fond. 

Wahl. 

Wahlenberg. 

Flera. 

Fleming. 

Weav. 

Weaver. 

The  localities  marked  A.  in  the  lists  of  the  carboniferous  and  grau- 
wacke  groups  are  taken  from  a  compilation  on  Swedish  organic  remains, 
entitled:  Esquisse  d'un  Tableau  des  Petrifications  de  la  Svdde;  Stock- 
hobs,  1829. 


ERRATA. 

Page  SI,  line  44,  for  were  read  was. 

61,——  1, /or  are  rea<l  is. 
— —  «6.  —  2, /or  they  are  read  it  is. 
— 100,  — 19,  for  duing  read  during. 

105,—  4, /or  seem  read  seems. 
— »  S48,  — -  36,  fw  Solanocrites  read  Solanocrinites. 
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Figure  of  the  Earth. 

IT  has  been  concluded,  both  from  astronomical  and  geodesical 
observations,  that  the  figure  of  the  earth  is  a  spheroid.  This  sphe- 
roid has  been  considered  as  one  of  rotation,  or  such  a  figure  as  a 
fluid  body  would  assume  if  possessed  of  rotatory  motion  m  space. 

The  amount  of  the  flattening  of  the  poles,  or  the  diflerence  of 
the  diameter  of  the  earth  from  pole  to  pole,  and  its  diameter  at 
the  equator,  has  been  variously  estimated ;  but  it  is  commonly 
received  that  the  polar  axis  is  to  the  equatorial  diameter  as  304  to 
305,  the  compression  of  the  earth,  or  flattening  at  the 'poles,  being 

thus  considered  as  =:  -rH*- 

The  equatorial  diameter  about  «  7924  miles*. 
The  polar  ajds =  7898 

Difference 26 

Density  of  the  Earth, 

Various  opinions  have  been  entertained  on  this  subject ;  but  it 
appears  certain  that  the  internal  density  is  greater  than  the  solid 
superficial  density.  Daubuisson  infers  from  the  observations  of 
Maskelyne,  Playfair,  and  Cavendish,  that  '*  the  mean  density  of 

*  Considering  the  flattening  of  the  poles  as  »  -s-v-T)  M.  Daubuisson 
has  made  the  following  calculations : — 

Radius  at  the  equator 6376851  metres. 

Semi-terrestrial  axis 6355943 

Diff.  or  flattening  of  poles 20908 

Radius  in  lat  45<' 6366407 

A  degree  at  same  lat 111115 

A  degree  of  long,  in  same  lat. ...  .  78828 

Smrfiice  of  our  earth 5098857  square  myriametres 

The  volume 1082634000  cubic  myriametreb. 

Traits  de  G^ognosie,  ed.  2inft,  \Am.  V. 
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2  Superficial  Distribution  of  Land  and  Water. 

the  earth  is  about  five  times  greater  than  that  of  water,  and  con- 
sequently, about  double  that  of  the  mineral  crust  of  our  globe*." 
Laplace  considered  the  mean  density  of  our  spheriod  as  =  1*55, 
the  solid  surface  being  1.  According  to  Baily,  the  density  of  the 
earth  is  3*9326  times  greater  than  that  of  the  sun,  and  is  to  that 
of  water  as  11  to  2  f. 

Superficial  Distribution  of  Land  and  Water. 

The  relative  proportion  of  dry  land  to  the  ocean,  as  it  at  present 
exists,  is  such,  that  nearly  three-fourths  of  the  whole  surface  of 
the  globe  may  be  assigned  to  the  latter.  Of  the  former,  the  con- 
fig^ation  is  very  various,  presenting  the  greatest  surface  in  the 
Northern  hemisphere.  Although  the  land  sometimes  rises  high 
above  the  level  of  the  sea,  according  to  our  general  ideas  on  such 
subjects,  it  is,  in  reality,  but  slightly  removed  above  that  level, 
when  considered,  as  it  should  be,  with  reference  to  the  radius  of 
the  earthy*  The  superficies  of  the  Pacific  Ocean  alone  is  estimated 
as  somewhat  greater  than  that  of  the  whole  dry  land  with  which 
we  are  acquainted.  Dry  land  can  only  be  considered  as  so  much 
of  the  rough  surface  of  our  globe  as  may  happen,  for  the  time,  to 
be  above  the  level  of  the  waters,  beneath  which  it  may  again 
disappear,  as  it  has  done  at  different  previous  periods.  Laplace 
calculated  that  the  mean  d^th  of  the  ocean  was  a  small  fraction 
of  twenty-five  miles,  the  difference  produced  in  the  diameters  of 
the  earth  by  the  flattening  of  the  poles.  It  has  been  variously 
estimated  at  between  two  and  three  miles.  The  mean  height  of 
the  dry  land  above  the  ocean-level  does  not  exceed  two  miles, 
but  probably  falls  far  short  of  it ;  therefore,  assuming  two  miles  for 
the  mean  depth  of  the  ocean,  the  waters  occupying  three-fourths 
of  the  earth's  surface,  the  present  dry  land  might  be  distributed 
over  the  bottom  of  the  ocean,  in  such  a  manner  that  the  surface 
of  the  globe  would  present  a  mass  of  waters ; — an  important  pos- 
sibility, for,  with  it  at  command,  every  variety  of  the  superficial 
distribution  of  land  and  water  may  be  imagined,  and  consequently 
every  variety  of  organic  life,  each  suited  to  the  various  situations 
and  climates  under  which  it  would  be  placed. 

The  surface  of  the  globe's  solid  crust  is  so  uneven,  that  the 
ocean,  preserving  a  general  level,  enters  among  the  dry  land  in 
various  directions,  forming  what  are  commonly  termed  inland 
seas ;  such  as  the  Baltic,  Red,  and  Mediterranean  Seas,  in  which 
geological  changes  may  be  effected  different  from  those  in  the 
open  ocean. 

*  Traits  de  Gtognosie,  ed.  2me,  torn.  i.  p.  18. 
f  Baily,  Astronomical  Tables. 

X  See  the  diagram  in  my  Sections  and  Views  illustrative  of  Geological 
Phenomena,  pL  40. 
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Masses  of  salt  water  are  sometimes  included  in  the  dry  land, 
which  have  heen  termed  Caspians,  from  the  Caspian  Sea,  the  largest 
of  them.  These  have  no  communication  witn  the  main  ocean ; 
indeed  the  level  of  the  Caspian  is  much  lower  than  that  of  the 
Black  or  Mediterranean  Seas,  the  former  hody  of  salt  water  occu- 
pying, with  lake  Aral  and  other  minor  lakes,  the  lower  part  of  an 
extensive  depression  in  Western  Asia,  (from  200  to  300  feet  under 
the  general  ocean-level,)  which  receives  the  waters  of  the  Volga 
and  other  rivers.  These  hodies  of  salt  water  have  heen  variously 
accounted  for ;  somie  supposing  that  they  have  heen  left  isolated 
by  a  change  in  the  relative  level  of  land  and  water,  while  others 
imagine  their  saltness  to  arise  from  their  occurrence  in  countries 
impregnated  with  saline  matter.  It  is  stated,  in  support  of  the 
latter  opinion,  that  the  Caspian,  and  the  lakes  Aral,  Baikal,  &c. 
are  situated  where  salt  springs  abound.  Whatever  may  be  their 
origin,  it  will  be  obvious,  that  if  the  fresh  water  they  receive  be 
not  equal  to  their  evaporation,  they  wiU  become  gradually  more 
saline,  until,  the  water  being  saturated,  the  surplus  salt  will  be  de- 
posited at  the  bottom,  and  strata  of  it  will  be  formed  of  a  size  and 
depth  proportioned  to  those  of  the  lake  or  sea. 

It  would  be  out  of  place  to  attempt  a  general  description  of  all 
the  various  combinations  of  land  and  water,  with  which  all  must 
be  more  or  less  familiar;  but  it  may  be  usefrd  to  notice  that  fresh- 
water lakes  cover  very  considerable  spaces,  and  that  thus  very 
extensive  deposits  may  now  take  place,  which  can  only  envelop 
the  remains  of  terrestrial  or  fresh-water  animals  and  vegetables. 

SaUness  and  Specific  Gravity  of  the  Sea. 

The  whole  body  of  the  ocean  is  composed  of  salt  water,  which 
does  not  vaiy  very  materially  in  composition,  as  far  as  we  can 
judge  from  the  experiments  made  on  it. 

From  evaporation  and  the  fall  of  rain,  the  sea  will  be  less  salt 
at  the  surface  than  at  some  little  depth  beneath  it. 

According  to  Dr.  Murray,  sea-water  collected  from  the  Firth  of 
Forth  contamed,  in  10,000  parts. 

Common  salt    220*01 

Sulphate  of  soda 33-16 

Muriate  of  magnesia   42*08 

Muriate  of  lime   7*84 

30309 

According  to  Dr.  Marcet,  500  grains  of  sea-water,  taken  from 
tiie  middle  of  the  North  Atlantic,  contained. 

Muriate  of  soda    13*3 

Sulphate  of  soda 2*33 

Muriate  of  lime 0*995 

Muriate  of  magnesia   4*955 

B2 


4  Saltness  and  Specific  Gravity  of  the  Sea, 

According  to  the  experiments  of  Dr.  Fyfe  (Edin.  Phil.  Journal 
Tol.  i.),  the  waters  of  the  ocean  between  61°  52'  N.  and  78°  35'  N. 
do  not  differ  much  in  their  saline  contents,  these  being  between 
3*27  and  3*91  per  cent. — ^The  waters  were  obtained  by  Scoresby. 

Dr.  Marcet  instituted  a  series  of  experiments  on  the  specific 
gravity  of  water,  of  which  the  following  are  the  results : 

Sp.  Gr.  Sp.  Gr. 


Arctic  Ocean 1*02664 

Northern  Hemisphere  .  .  1*02829 

Equator 1*02777 

Southern  Hemisphere  .  .  1*02882 

Yellow  Sea 1*02291 

Mediterranean 1*0293 


Sea  of  Marmora 1*01915 

Black  Sea 1*01418 

White  Sea 1*01901 

Baltic 1*01523 

Ice-Sea  Water 1*00057 

Lake  Ourmia 1*16507 


The  same  author  concluded  from  his  observations, 

'*  1 .  That  the  Southern  Ocean  contains  more  salt  than  the 
Northern  Ocean  in  the  ratio  of  1*02919  to  1*02757. 

"  2.  That  the  mean  specific  gravity  of  sea-water  near  the  equator 
is  1*02777,  intermediate  between  that  of  the  Northern  and  South- 
em  hemispheres. 

"  3.  That  there  is  no  notable  difference  in  sea-water  imder  dif- 
ferent meridians. 

''  4.  That  there  is  no  satisfactory  evidence  that  the  sea  at  great 
depths  is  more  salt  than  at  the  surface  *. 

"  5.  That  the  seff,  in  general,  contains  more  salt  where  it  is 
deepest  and  most  remote  from  land ;  and  that  its  saltness  is  always 
diminished  in  the  vicinity  of  large  masses  of  ice. 

**  6.  That  small  inland  seas,  though  communicating  with  the 
ocean,  are  much  less  salt  than  the  ocean. 

''  7.  The  Mediterranean  contains  rather  larger  proportions  of 
salt  than  the  ocean  f." 

The  saltness  of  the  sea,  particularly  that  of  its  surface,  would 
seem  greatly  to  depend  on  the  proximity  of  nearly  permanent  ice, 
and  of  large  or  numerous  rivers.  Thus,  as  is  seen  above,  the 
Baltic,  White,  Black,  and  Yellow  Seas  are  less  salt  than  the  main 
ocean,  because  they  are  supplied  with  comparatively  large  quan- 

*  The  author  of  the  abstract  of  Dr.  Marcet's  observations  in  the  Edin. 
Phil.  Journal,  cites  the  following  observations  of  Mr.  Scoresby  in  support 
of  this  conclusion. 

Sp.  Gr. 
Sp.  Gr.  rSurface    .  .  .  1*0265 

J  I  At  120  feet   .  1*0264 

TaoVl'  w  <  At  240  feet   .  1*0266 
/o   6^  IS.  1  ^^  3gQ  j.gg^       J.Q268 

*-At  600  feet    .  1*0267 


J  r Surface.  .  .  .  1*0261 

7fiOi«'v  1  At  738  feet.  .  1*0270 
/o    10  n.  [At  1380  feet.  1*0269 


^  jPA/I  Trans,  1819;  and  Edin.  Phil.  Journal,  vol.  ii. 
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tides  of  fresh  water.  From  the  small  proportion  of  salt  contained 
in  the  Black  Sea  and  Sea  of  Azof,  the  bays  of  the  former  fre- 
quently contain  ice,  and  the  latter  is  stated  to  he  frozen  over 
during  four  months  in  the  year. 

The  superior  saltness  of  the  Mediterranean,  though  an  inland 
sea,  is  attributed  to  the  evaporation  of  its  surface,  which  is  sup- 
posed greater  than  the  quantity  of  fresh  water  with  which  it  is 
supplied.  In  consequence,  two  great  currents,  one  from  the  filack 
Sea  and  the  other  from  the  AUantic,  flow  into  it  to  supply  the 
waste  caused  by  evaporation. 

The  saline  contents  of  the  sea  are  important,  as  all  chemical 
changes  or  deposits,  taking  place  in  it,  will  be  more  or  less  affected 
by  them.  The  gravity  and  pressure  of  the  sea  are  of  still  greater 
consequence ;  for,  as  the  pressure  increases  with  the  depth,  effects, 
which  would  be  possible  at  one  depth,  would  be  impossible  at  an  - 
other.  Thus,  it  is  obvious  from  the  ingenious  experiments  of  Sir 
James  Hall,  that  carbonate  of  lime  may  be  fused  oy  heat  without 
the  loss  of  its  carbonic  acid,  if  subjected  to  great  pressure,  such  as 
exists  at  the  bottom  of  the  deep  sea.  The  pressure  of  the  sea  must] 
also  have  considerable  influence  on  the  kind  of  animal  and  vege-  • 
table  life  found  at  different  depths ;  and  we  may  infer  that  beneath 
very  deep  seas  such  life  does  not  exist,  great  pressure  and  the  ab- 
sence of  the  necessary  light  being  as  destructive  to  it  as  the  cold 
and  the  rarity  of  the  air  are  in  the  higher  regions  of  the  atmosphere^ 

The  compressibility  of  water,  which  was  for  along  time  doubted; 
has  been  proved  by  experiment,  and  has  been  calculated  at  51*3 
millionths  of  its  volume  for  a  pressure  equal  to  each  atmosphere*. 
It  follows,  that  at  great  depths,  and  beneath  a  great  pressure  of 
the  ocean,  a  given  quantity  of  water  will  occupy  a  less  space  than 
on  the  surface,  and  will,  consequently,  by  this  circumstance  alone, 
have  its  specific  gravity  greatly  increased. 

Temperature  of  the  Earth. 

The  superficial  temperature  of  our  planet  is  certainly  very  ma- 
terially influenced  by,  if  it  may  not  be  entirely  due  to,  solar  heat. 
That  the  difference  of  seasons,  and  of  the  climates  of  various  lati- 
tudes, originates  in  the  greater  or  less  exposure  to  the  sim,  is  ob- 
vious. That  local  circumstances  cause  great  variations  of  super- 
ficial temperature,  is  also  well  known ;  yet  the  principle  seems  to 
prevail,  that  under  equal  circumstances,  the  temperature  decreases 
from  the  tropics  to  the  poles. 

It  would  oe  useless  to  increase  the  size  of  this  littie  volume  with 
a  detail  of  the  various  temperatures  that  have  been  observed  in 
different  situations,  or  of  the  modifications  arising  from  local  causes ; 

*  Tamer's  Elements  of  Chemistry ;  and  Annales  deChim.  et  de  Phys. 
tmn.  zxztL 
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this  will  be  found  in  various  works  devoted  to  the  subject, — ^more 
particularly  in  Humboldt's  Treatise  on  Isothermal  Lines. 

Respecting  the  temperature  of  our  globe,  M.  Arago  has  made 
the  following  remarks  : — "  1st,  In  no  part  of  the  earth  on  land, 
and  in  no  season,  will  a  thermometer  raised  from  two  to  three 
metres  above  the  ground,  and  protected  from  all  reverberation,  at- 
tain the  46th  centigrade  degree :  2ndly,  In  the  open  air,  the  tem- 
perature of  the  air,  whatever  be  the  place  and  season,  never  at- 
tains the  31st  centigrade  degree :  3rdly,  The  greatest  degree  of 
cold  which  has  ever  been  observed  upon  our  globe,  with  the  thei^ 
mometer  suspended  in  the  air,  is  50  centigrade  degrees  below  zero : 
4thly,  The  temperature  of  the  water  of  the  sea,  in  no  latitude,  and 
in  no  season,  rises  above  -{-  30  centigrade  degrees  ♦." 

Geologists  have  discovered  that  the  supeiScial  temperature  of 
the  earth  has  not  always  remained  the  same,  and  that  there  is 
evidence  of  a  very  considerable  decrease.  This  evidence  will  be 
found  scattered  over  such  parts  of  the  following  pages  as  treat  of 
organic  remains,  and  therefore  need  not  be  adduced  here.  It  may, 
however,  be  right  to  remark,  that  it  rests  on  the  discovery  of 
vegetable  and  animal  remains  entombed  in  situations,  where,  from 
the  want  of  a  congenial  temperature,  such  animals  or  vegetables 
would  now  be  unable  to  exist.  Undoubtedly  this  inference  rests 
on  the  supposed  analogy  between  animals  and  vegetables  now 
existing,  and  those  of  a  similar  general  structure  found  in  various 
rocks,  and  at  various  depths  beneath  the  earth's  surface:  but  as 
we  now  find  every  animal  and  vegetable  suited  to  the  situations 
proper  for  them,  we  have  a  right  to  infer  design  at  all  periods,  and 
under  every  possible  state  of  our  earth's  surface ;  and  therefore 
to  consider,  that  similarly  constituted  animals  and  vegetables  have, 
in  general,  had  similar  habitats. 

This  decrease  in  surface-temperature  may  arise  either  from  ex- 
ternal, superficial,  or  internal  causes. 

External  Influence, — Heat,  derived  from  the  sun,  producing 
such  great  efiects  at  present,  it  has  been  supposed  that  a  differ- 
ence m  the  relative  position  of  our  planet  ana  our  great  luminary 
would  cause  a  corresponding  change  in  the  surface-temperature  of 
the  globe.  Theories  have  been  invented  which  suppose  such  a 
change  in  the  earth's  axis  as  would  render  the  present  poles  parts 
of  the  equator,  and  thus  capable  of  having  once  supported  a  tro- 
pical vegetation,  which  has  gradually  disappeared,  and  been  re- 
placed by  such  plants  as  can  exist  amid  masses  of  ice  and  snow. 
Mr.  Herschel,  viewing  this*  subject  with  the  eye  of  an  astronomer, 
considers  that  a  diminution  of  tne  surface-temperature  might  arise 
from  a  change  in  the  ellipticity  of  the  earth's  orbit,  which,.though 
slowly,  gradually  becomes  more  circular.    No  calculations  having 

*  Ann.  de  Phys.  etde  Chim.  torn,  zxvii.;  and  Edin.  Phil.  Joum.  1825. 


Temperature  of  the  Earth.  7 

jet  been  made  as  to  the  probable  amount  of  decreased  tempera- 
ture from  this  cause,  it  can  at  present  be  only  considered  as  a  pos- 
sible explanation  of  those  geological  phaenomena  which  point  to 
considerable  alterations  in  climates. 

Superficial  Influence, — A  decrease  of  temperature  may  arise 
from  such  a  variation  in  the  relative  position  of  land  and  water, 
sad  in  the  elevation  and  form  of  land,  as  may  cause  the  climate, 
in  any  given  position  on  the  earth's  surface,  so  to  change,  that  a 
greater  heat  may  precede  a  less  heat,  and  the  land  be  capable  of 
supporting  the  vegetables  and  animals  of  hot  climates  at  one  time, 
and  be  incapable  of  doing  so  at  another.  For  this  ingenious  theory 
we  are  indebted  to  Mr.  Lyell  *.  It  supposes  a  combination  of 
external  and  internal  causes ;  the  latter  raising  or  depressing  the 
land  in  the  proper  situations,  the  former  supplying  the  necessary 
heat.  It  also  supposes  the  possible  recurrence  of  a  warm  climate, 
80  that  the  same  situations  might  alternately  be  placed  under  the 
influence  of  a  raised  and  a  depressed  temperature.  We  have  so 
few  data  for  estimating  the  value  of  this  theory,  that  it  can  only 
be  considered  as  a  possible  explanation  of  a  diminished  tempera- 
tare.  It  must,  however,  be  admitted,  that,  in  eveiy  state  of  the 
earth's  surface,  the  relative  disposition  of  land  and  water,  and  the 
form  or  elevation  of  the  land,  would  always  have  had,  as  they  now 
have,  very  considerable  influence  on  climate. 

Internal  Influence, — From  the  earliest  times  an  opinion  has 
existed  among  philosophers  that  a  central  heat  exists ; — an  opinion 
naturally  arismg  from  the  phaenomena  of  volcanos  and  hot  springs. 
But,  notwithstanding  this  opinion,  it  was  not  until  a  comparatively 
late  period  that  direct  experiments  were  instituted,  for  the  purpose 
of  determining  whether  the  temperature  does,  or  does  not,  in- 
crease with  the  depth,  or  from  the  surface  downwards. 

Various  observations  have  been  made  on  the  temperature  of 
mines  in  Great  Britain,  France,  Saxony,  Switzerland,  and  even 
Mexico.  All  those  made  previous  to  1827  were  coUected,  ar- 
ranged, and  commented  on  by  M.  Cordierf.  Experiments  on  the 
temperature  of  mines  have  been  made  in  various  ways;  sometimes 
by  ascertaining  the  heat  of  air  in  the  galleries,  sometimes  that  of 
the  stagnant  water  at  various  levels ;  at  others,  by  observing  the 
temperature  of  springs  at]  different  depths,  or  that  of  the  waters 
pumped  up  from  below;  and  sometimes,  though  rarely,  by  obtain- 
ing file  temperature  of  the  rock  itself  at  various  levels. 

It  soon  suggested  itself  that,  though  these  experiments  pointed 
to  an  increase  of  temperature  as  we  descended,  the  presence  of  the 
miners  with  their  lamps  or  candles,  and  the  explosions  of  gun- 

•  Principles  of  Geology. 

f  Essai  sur  la  Temperature  de  rint^rieur  de  la  Terre:  M£m.  de 
TAcad.  torn.  vii. 
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powder  in  some  mines,  would  cause  an  increased  heat  of  the  air 
m  galleries,  sufficient  to  produce  exceedingly  grave  errors.  M.  Cor- 
dier  endeavours  to  assign  to  these  and  other  objections  their  full 
value.  It  is  calculated  that  a  miner  disengages,  in  an  hour,  a 
quantity  of  heat  sufficient  to  raise  the  temperature  of  542  cubic 
metres  of  air,  one  degree  above  a  previous  heat  of  12°  centigrade. 
It  is  also  inferred  that  four  miners'  lamps  will  produce  as  much 
heat  as  three  miners.  It  is  further  calculated  that  the  presence 
of  two  hundred  miners  and  two  hundred  lamps,  properly  separated 
from  each  other,  would  elevate  the  temperature  of  a  gallery  whose 
dimensions  are  one  metre  by  two,  and  93,000  metres  long,  about 
one  degree  (centigrade)  in  one  hour.  M.  Cordier  also  mentions, 
that  in  the  coal-mine  of  Carmeaux  "  nineteen  lamps  and  twenty- 
four  miners,  scattered  through  two  levels,  and  continually  em- 
ployed during  six  days  in  the  week,  produced,  by  the  hour,  a  heat 
siufficient  to  raise  the  temperature  of  the  air  in  the  galleries  by 
1^*66  cent."  The  air  in  these  galleries  was  estimated  at  12,560 
cubic  metres. 

Another  source  of  error  arises  from  the  circulation  of  air  in 
mines,  and  its  introduction  from  the  surface.  This  will  vary  ac- 
cording to  the  local  distribution  of  the  galleries  in  a  mine ;  but 
there  will  always  be  a  tendency  to  replace  expanded  and  heated 
air  by  that  which  is  more  dense  and  cold ;  consequently,  from 
whatever  cause  the  heat  of  a  mine  may  be  derived,  if  the  air  in  it 
be,  as  usually  happens,  warmer  than  that  of  the  surface,  the  cold 
air  will  always  strive  to  get  into  the  mine,  and  the  heated  air  to 
escape  from  it.  It  follows,  that  the  entrance  of  air  from  the  exterior 
surface  tends  to  lower  the  temperature  of  the  mine,  and  in  some 
measure  to  check  the  heat  caused  by  the  workings.  M.  Cordier 
observes,  on  this  subject,  that  the  mean  temperature  of  the  mass  of 
airy  introduced  into  a  mine  during  a  year,  is  lower  than  the  mean 
temperature  of  the  country  for  the  same  year,  and  estimates  the 
difference  between  them  at  between  2°  and  3°  cent,  for  the  greater 
part  of  the  mines  in  our  climate  *. 


*  Essai  sur  la  Temperature  de  rint§rieur  de  la  Terre. 

It  has  been  supposed,  the  air  in  mines  being  under  a  greater  pressure 
than  that  at  the  surface,  and  undergoing  this  change  in  a  short  time, 
that  heat  would  be  evolved  sufficient  to  cause  the  appearance  of  an  in- 
crease of  temperatue  corresponding  with  an  increased  depth.  But  as 
the  cold  air  will  become  expanded  by  the  heated  air  of  the  workings, 
and  as  the  change  of  pressure  cannot  be  very  sudden,  this  does  not  ap> 
pear  sufficient  to  account  for  the  phsenomena  observed.  According  to 
Mr.  Ivory  (Phil.  Mag.  and  Annals  of  Phil.  vol.  i.  p.  94),  one  degree  of 
heat,  of  Fahrenheit's  scale,  will  be  extricated  from  air  when  it  undergoes 
condensation  ^  .^^;  and  if  a  mass  of  air  were  suddenly  reduced  to 
half  its  bulk,  the  heat  evolved  would  be  =  90°. 
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The  waters  in  mines  may  either  give  too  high  or  too  low  a  tem- 
perature, as  they  may  he  either  derived  from  heueath  or  ahove. 
If  waters  descend  from  the  surface  into  a  mine,  they  will  carry 
with  them  their  original  temperature,  modified  hy  the  heat  of  the 
suhstances  through  which  they  pass ;  so  that  their  difference  of 
temperature  in  the  mine  and  on  the  surface  will  depend  on  their 
abundance  or  scarcity,  and  on  their  slowness  or  rapidity  of  motion. 
Moreover  they  will  constantly  tend  to  reduce  the  surraces  of  rock 
through  which  they  percolate  to  their  own  temperature.  The 
same  remarks  apply  to  water  derived  from  a  lower  level. 

The  temperature  observed  in  the  rock  itself  will  he  more  or  less 
affected,  according  to  circumstances,  by  that  of  the  water  or  air 
near  it.  So  that  the  sides  of  a  mine,  to  certain  distances,  might 
possess  a  heat  not  common  to  the  mass  of  rock  at  the  same  level. 

From  these  various  sources  of  error,  to  which  others  might  be 
added,  the  observations  made  under  circumstances  that  might  be 
influenced  hy  them,  can  only  be  considered  as  approximations 
towards  an  estimate  of  the  value  of  this  mode  of  inquiry.  To 
render  each  set  of  observations  available  for  what  they  may  be 
worth,  M.  Cordier  has  classed  those  made  under  different  circum- 
stances under  different  heads.  His  tables,  thus  formed,  have  also 
the  great  advantage  of  being  reduced  to  common  measures  of  heat 
and  depth. — From  these  the  following  have  been  selected  as,  per- 
haps, least  liable  to  error. 

Table  of  Observations  made  on  the  Springs  in  Mines. 


Names,  Authors, 
and  Dates. 


Saxony.  Daubu- 
isson.    End  of^ 
winter,  1802. 


Britanny.    Dau- 
buisson.      5th  * 
Sept.,  1805. 


Cornwall.    Fox.  "1 
Publ.  1821.       / 
Mexico.  Humboldt 


Mines. 


Lead    and  Silver  of 
Junghohe-Birke  .  . 


Beschert  Gliick .  .  .  . 
Himmelfahrt  .... 
PouUaouen  


Huelgoet 


Dolcoath — Copper  , 
Guanaxuato — Silver 

B5 


Deptb. 


Metres. 

78 

217 

256 

224 

39 

75 

140 

60 

80 

120 

230 

439 

522 


Temperature 
of 


the 
Springs. 


Deg. 

9-4 
12-5 
13-8 
14-4 
11-9 
11-9 
14-6 
12-2 
15- 
15- 
19-7 

27-8 

35-8 


mean 

of  the 

Country. 


8 

8 

8 

8 

11 

11 

11 

11 

11 

11 

11 

10 
16 


8-75 

8" 

12-81 

8 

15- 

8 

18-75 

8 
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Tables  of  the  Temperature  of  the  Mock  in  Mines  •. 

I.  Thermometer  placed  in  a  niche  cut  in  the  rock,  distant  from 

the  principal  workings : — ^the  hulb  in  the  rock ;  the  rest  in 
a  glass  tube ; — the  whole  covered  by  a  glass  door,  closing  the 
niche,  and  only  opened  for  observation. 

Depth.  Temperature 

Metres,  of  Rock,  of  Country* 

Saxony.   De  Tr^bra.!  /Mine  of  Beschert\  180  11-25          8* 

1805,1806,  1807  .JL   Gluck; lead &8il./ 260  15-              8- 

171-9 
168-2 
268-2 
379-54 

II.  Thermometer  plunged  in  the  earthy  matters  at  the  bottom  of 

galleries,  which  had  been  inundated  two  days  f. 

Cornwall.     Fox.     Itt^u^j  TLr4«-a  /348  30-8  10- 

Published  1821 ..  /  ^"*^^  ^"*^* 1 366  31-1  10- 

III.  Thermometer  fixed  in  the  rock  of  a  gallery,  for  eighteen 

months,  at  a  yard  deep. 

Cornwall.     Pox.     lDoi-^,-tj.  421  24-2  10- 

Published  IS22 . .  J  ^^^^^^ *^^  ^*  ^  ^" 

*  The  temperature  in  these  tables  is  marked  in  degrees  of  the 
centigrade  thermometer.  When  we  consider  the  simplicity  of  this  scale, 
and  the  facilities  with  which  calculations  can  be  made  with  it,  it  seems 
strange  that  its  use  should  not  be  generally  adopted  in  this  country,  where 
we  continue  to  employ,  from  habit,  the  least  philosophical  of  the  three 
scales.  The  centigrade  scale  can  easily  be  reduced  to  that  of  Fahrenheit, 
by  considering  that  the  latter  is  to  the  former,  between  the  freezing  and 
boiling  points  of  water,  as  180  to  100,  or  as  9  to  5.  The  degrees  of 
Reaumur's  scale  are  to  those  of  Fahrenheit's  as  4  to  9.  As  the  zero  of 
Fahrenheit's  scale  is  32^  of  that  scale  below  the  zero  in  the  others,  it  is 
always  necessary  to  make  a  proper  allowance  for  it. 

t  M.  Cordier  remarks  on  the  error  that  may,  in  this  case,  arise  fi-om 
the  mixed  temperature  of  the  galleries,  before  inundation,  produced  by 
the  usual  causes  in  mines  at  work,  and  of  the  waters  during  inundation. 
On  this  subject  he  cites  some  observations  of  his  own  at  Ravin,  near 
Carmeaux,  which  show  that  the  differences  of  temperature  between  the 
rubbish  on  the  floor  of  the  galleries,  and  that  proper  to  the  level,  amounted 
to  2^*6,  2^*8,  and  even  3°'l  centigrade. 
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Table  of  the  Temperatures  qf  the  Rock  observed  in  the  Codlrmines 
at  CarmeauXf  Littry,  and  Decise, 

Carmeaux. 

Depth.   Temperature. 

Metres.         I>eg. 

Water  of  the  well  V^riac 6-2  12*9 

Water  of  the  well  Bigorre 115  13.15 

Rock  at  the  bottom  of  Ravin  Mine 181*9        17*1 

Rock  at  the  bottom  of  Castellan  Mine .  ......       192*  19*5 

Littry. 

Surface 0*  11* 

Rock  at  the  bottom  of  St.  Charles  Mine — mean  1  nn  t  /*  « or 

of2ob8. I  ®®  ^^'^^^ 

Decise. 

Water  of  the  well  P^llsson 8*8  11*4 

Water  of  the  Puits  des  Pavilions 16*9  11*67 

Rock  in  the  Jacobs  Mine 107*  17*78 

171*  22*1 

These  observations  were  made  with  great  care;  "the  thermo- 
meter was  loosely  rolled  in  seven  turns  of  silk  paper,  closed  at 
bottom,  and  tied  by  a  string  a  little  beneath  the  other  extremity 
of  the  instrument,  so  that  so  much  of  the  tube  might  be  withdrawn 
as  might  be  necessary  for  an  observation  of  the  scale,  without 
fearing  the  contact  of  the  air :  the  whole  contained  in  a  tin  case." 
This  was  introduced  into  a  hole  from  60  to  65  centimetres  in 
depth  and  4  in  diameter,  inclined  at  an  angle  of  10°  or  15°;  so  that 
the  air  once  entered  into  the  holes  could  not  be  renewed,  because 
it  became  cooler,  and  consequently  heavier,  than  that  of  the  gal- 
leries.   The  thermometer  was  kept  as  nearly  as  possible  at  the 
temperature  of  the  rock,  by  plungii^  it  among  pieces  of  rock  or 
coal  freshly  broken  off,  and  by  holding  it  a  few  instants  at  the 
mouth  of  the  hole,  into  which  it  was  afterwards  shut,  a  strong 
stopper  of  paper  closing  the  aperture.   The  thermometer  generally 
remained  in  this  hole  about  an  hour  *. 

Temperature  of  Water  in  Artesian  Wells,  and  in  neglected  Mines* 

Artesian  wells  are  well  known  as  borings,  by  which  water,  at 
different  distances  from  the  surface,  rises  tq,  and  even  above,  that 

*  Where  the  investigation  of  the  increase  or  decrease  of  temperature, 
beneath  such  a  depth  as  may  be  out  of  atmospheric  influences,  is  so  easy, 
with  a  few  necessary  precautions,  it  is  surprising,  that  in  the  British  col- 
lieries, which  are  so  numerous,  and  many  of  which  are  very  deep,  so  few 
direct  experiments  should  have  been  made  on  the  temperature  of  the 
rock  itself 
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surface,  fVom  its  endeavour  to  escape.  According  to  the  obser* 
rations  of  M.  Arago,  the  greater  the  depth  of  these  wells,  the 
higher  is  the  temperature  of  the  waters  that  flow  from  them. 

From  experiments  made  by  M.  Fieuriau  de  Bellevue,  in  an 
Artesian  well  on  the  sea-side  near  Rochelle,  the  temperature 
increases  with  the  depth.  The  well,  at  the  time  of  the  first  expe- 
riment, was  3^  inches  in  diameter,  and  316  feet  deep,  and  in  it 
a  column  of  brackish  and  stagnant  water  rose  to  the  height  of  294 
feet.  On  February  14,  1830,  he  found  the  temperature  at  the 
bottom,  after  the  thermometer  had  remained  there  24  hours,  to 
be  =  16°'25  centigrade;  the  external  air  being  =  10°-6..  At 
11  feet  beneath  the  surface  of  the  water,  the  temperature  was 
found  =  13^*1  J  cent,  after  the  instrument  had  remained  17 
hours.  Common  wells,  varying  in  depth  from  22  to  28  feet,  af- 
forded at  the  same  time  a  mean  temperature  of  8^*75.  On  March 
22,  MM.  £my  and  Gon  made  further  experiments  on  the  same 
well,  which  was  then  sunk  to  the  depth  of  125*16  metres,  or  369J 
metrical  feet.  They  found  the  temperature  at  the  bottom^  after 
the  thermometer  had  remained  there  25  hours  =  18°*12  cent. 
Fearful  of  some  inaccuracy  in  this  experiment,  they  repeated  it 
the  next  day,  when,  after  the  instrument  had  remained  at  the 
bottom  for  15  hours,  they  obtained  exactly  the  same  result. 
M.  Fieuriau  de  Bellevue  estimates  the  mean  temperature  of  the 
country  at  11°*87  cent.* 

These  experiments  were  conducted  with  great  care,  and  seem 
highly  illustrative  of  an  increase  of  heat  from  the  surface  to  the 
interior ;  for  the  column  of  water  being  subject  to  the  usual  laws, 
it  would  equalize  its  temperature  by  the  descent  of  the  cooler  and 
the  ascent  of  the  warmer  water,  if  a  constant  source  of  compara- 
tively considerable  heat  did  not  exist  at  the  bottom. 

In  the  waters  of  neglected  mines  also  there  are  numerous  ob- 
servations tending  to  show  that  the  waters  do  not  follow  the  laws 
of  their  greatest  specific  gravity  in  such  situations,  but  that  the 
temperatures  greatly  increase  with  their  depth.  Certainly,  in 
many  situations,  such  as  in  recently  flooded  mines,  the  water 
would  be  heated  by  the  galleries  in  which  work  had  been  carried 
on ;  but  such  influence  could  not  continue  for  a  long  period,  and 
there  are  numerous  observations  which  show  an  increase  of  tem- 
perature in  neglected  mines.  On  a  subject  of  this  kind,  however, 
great  caution  is  necessary  in  obtaining  the  true  temperature,  and 
it  is  very  desirable  that  many  of  the  experiments  should  be  re- 
peated f . 


•  Fieuriau  de  Bellevue,  Journal  de  G^ologie,  torn.  i. 
t  A  cold  spring  percolating  rapidly  from  the  surface  to  the  deep  waters 
of  a  neglected  mine  would  tend  to  cool  the  waters  at  such  depths. 
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TempertUure  of  Springs. 

The  temperature  of  surface-springs  has  been  supposed  to  give 
nearly,  if  not  altogether,  the  mean  temperature  of  the  countries 
in  which  they  appear.  Their  value  in  this  respect  would  depend 
on  whether  the  waters  which  supply  them  be  derived  from  above 
or  beneath,  that  is,  whether  they  percolate  from  the  surface  through 
porous  strata  until  thrown  out  by  impervious  beds,  or  are  forced 
07  some  means  from  comparatively  greater  depths  upwards.  Many 
springs,  we  well  know,  come  within  the  first  class ;  but  many,  we 
are  also  certain,  come  within  the  second,  for  their  temperatures 
are  greatly  above  what  they  could  have  acquired  by  mere  perco- 
lation downwards. 

At  Paris,  the  oscillations  of  the  temperature  of  the  earth  do  not 
quite  cease  at  28  metres.  Professor  Kupfier  considers  that  25 
metres  from  the  surface  will  afford  a  depth  beneath  which  springs 
rise  with  a  uniform  temperature  throughout  the  year,  being  sufli- 
dently  removed  from  atmospheric  influehces.  Admitting  this, 
it  is  dear  that  if  surface-springs  be  small,  and  rise  slowly,  they 
may  have  their  temperature  somewhat  changed  during  their  pas- 
sage through  the  25  metres,  while  if  they  rise  quickly,  and  tneir 
waters  be  copious,  they  will  suffer  little  change  in  their  traverse 
through  that  thickness.  The  question,  however,  of  whence  the 
waters  may  have  been  derived,  remains  the  same. 

Professor  Kupffer  has  constructed  the  following  Table,  princi- 
pally from  Von  Buch's  Treatise  on  the  Temperature  of  Sprinffs, 
and  from  Humboldt's  Treatise  on  Isothermal  Lines,  with  the 
view  of  corroborating  the  observations  of  Wahlenberg,  that  the 
temperature  of  springs  in  high  latitudes  is  greater  than  that  of  the 
air,  and  of  those  of  Von  Humboldt  and  Von  Buch,  who  found  that 
in  low  latitudes  the  temperature  of  springs  was  lower  than  that  of 
the  air ; — showing  "  that  the  temperature  of  the  earth  is  some- 
times very  different  from  the  mean  temperature  of  the  air,  and 
that  its  distribution  follows  different  laws  *." 

*  Kupffer  on  the  Mean  TemperiEiture  of  the  Atmosphere  and  of  the 
Earth  in  some  Parts  of  Russia :  Edin.  New  Phil.  Journ.  voL  viii. :  and 
Poggendorf 's  Annalen,  1829. 
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Temperature  of  Springs: 


Places. 


Congo    ....  

Cumana 

St.  Jago  (Cape Verde  Isles) 
Rock  Fort  (Jamaica)    .  . 

Havannah 

Nepaul 

Teneriffe 

Cairo 

Cincinnati 

Philadelphia 

Carmeaux 

Geneva     

Paris 

Berlin 

Dublin 

Kendal 

Keswick 

Konigsberg ' 

Edinburgh 

Carlscrona 

Upsal 

Umeo 

Giwartenfiall 


Lati. 
tude. 


9S. 
lOjN. 
15  — 
18  — 
23  ~ 
28  — ■ 
28i— 
30  — 

39  -— 

40  — . 
43  — 
46  -- 
49  — 
52§— 

53  — - 

54  -— 
54i— 
54j— 
56  — 
56J— 
60  — 
64  — 
66  — 


Height 

above 

sea. 

metres. 


45 
0 
0 
0 
0 
0? 
0 
0 

160 
0 

300? 

350 
75 
40 
0 
0 
0 
0 
0 
0 
0 
0 

500 


Temp,  of  Temp. 
Earth,  of  Air. 
Fahr.      Fahr. 


72-95 

78-12 

76-10 

79-02 

74-30 

73-85 

64-40 

72-5 

54-27 

54-95 

55-40 

52-02 

57-70 

50-22 

49-32 

47-75 

48-65 

46-62 

47-75 

47-30 

43-70 

37-17 

34-25 


78-12 

82-40 

77-00 

80-60 

78-12 

77-00 

70-92 

72-5 

53-82 

54-27 

57-87 

49-32 

51-57 

46-40 

40-10 

46-16 

47-97 

43-25 

47-75 

47-30 

42-12 

33-35 

25-25 


Observen. 


Smith. 

Humboldt. 

Hamilton. 

Hunter. 

Ferrier. 

Hamilton. 

Von  Buch. 

Nouet. 

Mansfield. 

Warden. 

Cordier. 

Saussure. 

Bouvard. 

Kirwan. 
Dalton. 

Erman. 

Playfair. 

Wahlenberg. 


To  this  should  be  added  Professor  Kupfier's  own  observations 
in  Russia. 


Places. 

Lati. 
tude. 

Height. 
Metres. 

Temp,  of 
EarUi. 

Temp,  of 
Air. 

Kinekejewa 

Kasan  •.......•• 

54i 

56 

58 

59 

60 

300 
30 
200 
200 
200 

39-87 
43-25 
37-17 
36-27 
35-37 

o 
34-7 

37-4 

31-55 

30-42 

29-30 

Nishney-tagilsk 

Werchoturie 

Bogoslowsk 

The  above  tables^  if  correct,  are  sufficient  to  show  that,  though 
the  terrestrial  temperature,  as  deduced  from  springs,  decreases 
from  the  equator  to  the  poles,  it  does  not  decrease  according  to  the 
mean  temperature  of  the  air  above  it.  This  seems  to  point  out 
that  there  is  some  modifying  cause  in  action  independent  of  solar 
influence.  Wahlenberg  has  noticed  that  many  deep-rooted  plants 
and  trees  only  flourish  because  the  temperature  of  the  earth  ex- 
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ceeds  f]ie  mean  temperature  of  the  air ;  and  Professor  Kupffer  re- 
marks that  he  has  often  had  occasion  to  confirm  this  observation 
in  the  northern  Urals. 

At  the  contact  of  the  atmosphere  and  earth,  we  should  expect, 
if  they  possessed  different  sources  of  temperature,  that  they  would 
mutually  act  on  each  other,  and  that  therefore  the  equal  mean  tem- 
perature of  different  parts  of  the  earth's  surface  would,  to  a  certain 
extent,  correspond  with  equal  terrestrial  temperatures,  as  deduced 
from  moderate  depths.  This  may  perhaps  account  for  Professor 
Kupfier*8  conclusion,  that  **  if  we  draw  lines  through  all  the  points 
vhich  have  the  same  terrestrial  temperature,  these  isogeothermai 
Imes  resemble  the  isothermal,  as  they  are  parallel  to  the  equator, 
Wt  diverge  firom it  in  several  points*." 

The  temperature  of  the  surface,  as  deduced  from  springs,  is  un- 
doubtedly hable  to  many  errors,  as  it  rests  on  the  assmnption  that 
they  take  the  temperature  of  the  earth  at  moderate  deptns.  Those 
ipnngs  which  percolate  through  porous  strata,  until  thrown  out, 
may  take  this  temperature  ;  but  those  which  seem  to  come  from 
beneath  cannot  be  supposed,  though  cooled  in  their  passage  up- 
wards, to  do  so. 

The  evidence  that  many  springs  rise  from  considerable  depths, 
and  possess  a  temperature  independent  of  solar  influence,  rests  on 
their  great  heat,  which  varies  from  the  boiling  point  of  water 
downwards  to  ordinary  temperatures.  It  is  impossible  to  account 
for  this,  otherwise  than  by  supposing  such  heat  communicated  to 
the  water  in  parts  of  the  earth  fat  beneath  the  surface,  and  re- 
moved from  atmospheric  influence. 

The  source  of  the  heat  in  thermal  waters  has  occupied  the  at- 
tention of  Berzelius,  Von  Hoff,  Keferstein,  Bischoff,  and  others. 
The  former  remarks  on  those  thermal  springs  which  are  charged 
with  various  salts  of  soda  and  carbonic  acid,  and  attributes  their 
origin  to  the  percolation  of  atmospheric  waters  to  volcanic  regions, 
after  which  they  are  forced  up  to  the  surface,  charged  widi  the 
substances  with  which  they  have  become  combined  in  those  situa- 
tions. Von  Hoff  opposes  the  theory  of  a  mere  volcanic  point  sup- 
pl3ring  the  necessary  heat,  and  considers  it  much  more  probable 
tliat  mis  is  due  to  those  processes  in  the  interior  of  our  globe 
which  produce  volcanos  and  earthquakes.  Keferstein  considers 
that  hot  vapours  and  spring  are  due  to  volcanic  agency,  which 
may  be  very  deeply  seated,  even  below  the  oldest  formations. 
Bischofl^  who  detuls  these  various  opinions  f ,  does  not  appear  to 
have  adopted  any  decided  one  of  nis  own  on  the  subject,  but 
directs  attention  to  the  possible  increase  of  temperature  in  the 

*  Kupffer  (memoir  cited  above). 

f  Uber  die  Vulchanischen  Mineralqnellen  Deutschland  und  FrankT 
reicha:  and  Edin.  New  PhiL  Journal,  1830. 
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•waters  by  the  internal  heat  of  the  earth  at  great  depths,  inde- 
pendent of  volcanic  fires,  and  observes  that  if  the  channels  through 
which  the  waters  flow  upwards  become  once  heated,  their  walls 
would  conduct  little  heat  outwards,  for  rocks  are  bad  conductors  of 
heat,  as  is  well  shown  in  the  case  of  lava  streams,  on  the  out-side 
of  which  the  hand  may  sometimes  be  placed,  while  the  melted  rock 
is  still  flowing  inside  *. 

In  support  of  the  opinion  that  thermal  waters  may  have  their 
high  temperature  caused  by  a  general  internal  heat,  and  not  by 
mere  volcanic  points  on  the  earth's  surface,  it  may  be  remarked 
that  thermal  springs  occur  in  almost  all  situations,  some  of  which 
are  far  removed  from  any  volcanic  points  on  the  surface. 

The  immediate  connection  of  the  Geysers  and  the  volcanos  of 
Iceland  is  so  obvious  that  few  will  be  found  to  doubt  it ;  yet  when 
hot  springs  have  been  found  traversing  cracks  in  strata  not  vol- 
canic, theories  have  been  invented  to  explain  their  origin  by  che- 
mical combinations  at  small  depths.  The  salts,  however,  usually 
held  in  solution  in  these  waters  do  not  afford  support  to  this  view, 
and  Berzelius  has  shown  it  to  be  untenable  with  respect  to  the 
Cs^lsbad  waters. 

To  show  the  various  rocks  among  which  thermal  springs  occur, 
we  will  select  a  few  examples.  In  ranges  of  mountains  they  would 
appear  to  be  far  from  uncommon,  a  circumstance  which,  supposing 
the  ranges  to  have  been  elevated  by  a  force  acting  from  beneath, 
lends  additional  probability  to  a  general  heat  beneath  the  surface. 
They  have  been  observed  in  various  places  in  the  range  of  the 
Himalaya.  Captain  Hodgson  notices  them  in  the  course  of  the 
Jumna  river,  so  hot  that  the  hand  could  not  be  kept  in  them  many 
moments,  and  the  temperature  was  too  great  to  be  measured  hy 
the  short  scaled  thermometer  usually  employed  to  ascertain  atmo- 
spheric heat.  Again,  atJumnotri,  very  copious  thermal  springs 
rise  through  crevices  in  the  granite.  The  heat  was  estimated  at 
nearly  the  boiling  point ;  the  finger  could  not  be  kept  in  it  two 
seconds.  As  the  height  of  Jumnotriis  estimated  at  10,483  feet 
above  the  sea,  the  water  would  have  the  appearance  of  boiling  at  a 
lower  temperature  than  in  the  plains  below :  moreover,  the  springs 
seem  to  evolve  gas,  for  they  rise  with  great  ebullition ;  still,  how- 
ever, the  temperature  of  the  waters  would  appear  to  be  very  con- 
Biderable  f* 

In  the  range  of  the  Alps,  there  are  also  many  thermal  springs^ 
as  has  been  already  remarked  by  Bakewell.  Tne  thermal  waters 
of  Bad-Gastein  in  the  Salzburg  country  are  well  known. 

*  Monticelli  and  Covelli. 

f  Hodgson,  Asiatic  Researches,  vol.  ziv. :  and  Edin.  Phil.  Journ. 
vol.  viii. 
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The  following  are  Alpine  warm  springs  noticed  by  Bakewell* : 
NaterSj  Haut  Valais ; — temperature  =  86°  Fahr.  Leuk,  Haut 
Valais,— twelve  springs; — temperature  varying  from  117°  to  126°. 
Bagnes,  in  the  valley  of  the  same  name; — the  baths,  village,  and 
one  hundred  and  twenty  inhabitants  destroyed  by  the  fall  ofpart 
of  a  mountain  in  the  year  1545  ; — temperature  unknown.  Tner- 
nial  springs  in  the  valley  of  Chamonix ; — temperature  unknown. 
St  Gervais,  near  the  Mont  Blanc ; — ^temperature  from  94°  to  98°. 
Aix  les  Raines,  Savoy; — two  springs; — ^temperature  from  112° 
to  117°.  Montlers,  Savoy ; — ^temperature  not  noticed.  Brida, 
Savoy; — temperature  93°  to  97°.  Saute  de  Pucelle,  Savoy; — 
temperature  not  noticed.  Thermal  springs  at  Cormayeur  and  St. 
Didier,  on  the  Italian  side  of  the  Pennine  Alps ; — temperature  94°. 
Warm  spring  in  the  Alps  near  Grenoble. 

Many  of  Siese  thermal  waters  are  of  recent  discovery,  although 
those  of  Aix  were  known  to  the  Romans ;  therefore  there  may  be 
many  in  other  parts  of  the  Alps  which  remain  unnoticed. 

There  are  also  warm  springs  in  the  Caucasus,  to  the  N.W.  of 
the  fortress  of  Constantinohor,  with  a  temperature  of  from  110°  to 
114°  F. ;  and  there  are,  no  doubt,  numerous  other  thermal  waters 
in  great  mountain  ranges,  with  wbich  we  are  as  yet  unacquainted. 

In  the  Pyrenees,  we  have  the  two  celebrated  thermal  waters 
of  Barege  and  Bagn^res ;  the  former  having  a  temperature  of 
120°,  at  the  hottest  spring,  and  the  latter  of  138°,  also  at  the  hot- 
test spring. 

The  thermal  springs  at  both  these  places  are  numerous.  At  the 
latter  place  there  are  no  less  than  thirty  of  them,  the  temperature 
of  the  least  hot  of  which  is  =  83|°  F. 

There  are  also  thermal  waters  in  the  valley  of  Barege,  at  St. 
Sauveur,  =  98^° ;  as  also  several  springs  at  Cautieres  not  far 
from  the  latter  place,  of  which  the  temperatures  vary  from  98°  to 
131°.  At  Caberu,  three  leagues  from  bagn^res,  there  is  a  spring 
=  80°. 

It  would  be  tedious  to  give  a  long  list  of  thermal  springs ;  they 
occur  in  all  parts  of  the  world,  as  well  remote  from,  as  in  the 
vicinity  of,  active  volcanos.  A  great  burst  of  hot  springs  takes 
place  near  the  base  of  the  south-eastern  slope  of  the  Ozark  moun- 
tains, North  America,  and  about  six  miles  north  from  the  Washita, 
from  which  they  take  their  name.  They  are  about  seventy  in 
number,  and  occur  in  a  ravine  between  two  slate  hills.  James 
states  the  temperature  of  these  waters  at  160°  Fahr.  Major 
Long  gives  that  of  several  of  them,  as  respectively,  122°,  104°, 
106°,  126°,  94°,  92°,  128°,  132°,  151°,  148°,  132°,  124°,  119°, 
108°,  122°,  126°,  128°,  130°,  136°,  140°.    He  also  states  that, 

*  On  the  Thermal  Waters  of  the  Alps,  Phil.  Mag.  and  Annals,  1828. 


18  Temperature  of  Springe. 

"  not  only  confervas  and  other  vegetables  grow  in  and  about  the 
hottest  sprmgs,  but  great  numbers  of  little  insects  are  seen  con- 
stantly sporting  about  the  bottom  and  sides  *." 

Another  example  of  the  existence  of  animals  and  vegetables  in 
thermal  springs  is  to  be  found  at  Gastein,  where  the  Ulva  ther- 
maUSf  and  a  fresh-water  shell,  the  Limneus  pereger  Drap.,  are 
found  in  waters  at  a  temperature  of  117^  Fahr. 

A  very  copious  discharge  of  hot  water  takes  place  in  an  allu- 
vial plain  in  a  granitic  district  at  Yom-Mack,  about  twenty  miles 
from  Macao,  China.  Three  large  springs  have  respectively  the 
temperatures  of  132°,  150°,  and  186°  Fahr.  That  with  the 
temperature  of  150°  is  described  as  in  a  state  of  active  ebullition, 
about  thirty  feet  in  diameter,  and  discharging  at  least  fifteen  gal- 
lons in  a  minute  f. 

The  temperature  of  the  waters  of  Carlsbad  is  also  considerable, 
being,  according  to .  Berzelius,  165°  Fahr.  Those  of  Aix-la- 
Chapelle  are  =  143° ;  and  at  Borset,  near  Aix-la-Chapelle,  there 
are  two  springs,  of  which  the  temperatures  are  respectively  158° 
and  127°  Fahr.  At  Bakurue,  department  of  Herault,  there  is 
one  ==  128°  Fahr.  The  thermal  springs  of  our  own  country 
are  not  very  remarkable  for  their  elevated  temperature ;  for  with 
the  exception  of  those  of  Bath  t,  which  are  at  116°  Fahr.,  the 
others  can  only  be  considered  as  t^id,  the  waters  at  Buxton 
being  at  82°,  those  of  the  Hotwells,  Bristol,  at  74°,  and  those  of 
Matlock  68°  §. 

In  the  volcanic  districts  of  Italy,  thermal  springy,  as  might  be 
expected,  are  numerous.  The  waters  of  the  Bagni  di  Lucca  are 
however  sufficiently  removed  from  a  volcano  to  be  here  noticed : 
they  rise  on  the  sides  of  a  hill,  composed  of  a  sandstone,  the  m(i- 
eigno  of  the  Italians.  The  district  is  one  of  sandstone  and  lime- 
stone, and  the  hottest  spring  has  a  temperature  of  131°  F. 

It  may  not  be  altogether  out  of  place  to  notice  the  thermal 
waters  of  Bath,  St.  Thomas  in  the  East,  Jamaica,  to  show  how 
widely  distributed  these  heated  springs  are.  They  rise  at  the  base 
of  the  Blue  Mountains,  in  a  valley  composed  of  trap,  limestone, 
and  slate.     I  observed  their  temperature  to  be  =  127°  F.  || 

The  hot  and  cold  springs  of  La  Trinchera,  three  leagues  from 

*  James,  Expedition  to  the  Rocky  Mountains. 

f  Livingstone,  Edin.  Phil.  Journal,  vol.  vi. 

X  These  rise  through  lias,  traversing  probably  red  sandstone,  carboni- 
ferous limestone,  &c. 

§  The  thermal  springs  of  the  Hotwells,  Matlock,  and  Buxton,  appear 
among  carboniferous  limestone. 

(I  Although  no  active  volcanos  exist  in  Jamaica,  there  are  the  remains 
of  an  extinct  one  on  the  north  side  of  the  island ;  and  earthquakes  are, 
as  b  well  known,  sufficiently  common. 
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Valencia  (America),  may  be  cited  to  show,  how  difierently  derived 
waters  may  be,  wluch  make  their  appearance  close  to  each  other. 
According  to  Hwnboldt,  there  are  two  springs,  only  40  feet  asun- 
der, the  one  cold,  the  other  hot,  the  thermal  waters  having  the 
great  temperature  of  90°*3  centigrade  (194°*5  Fahr.).  At  Cannea, 
in  Ceylon,  a  thermal  spring  is  stated  to  exist  which  does  not  pre- 
serve a  constant  temperature,  but  varies  from  38°  to  41°  cent. 
(10O°-4  to  105°-8  F.). 

Hot  springs  are  common  to  the  volcanic  districts  of  different 
parts  of  the  world,  as  also  amid  extinct  volcanos,  such  as  those 
of  Central  France;  to  enumerate  them  would  he  useless;  but  those 
of  Iceland  are  so  remarkable,  that  a  short  notice  may  not  be  un- 
acceptable to  the  reader,  particularly  as  they  are  the  most  extra- 
ordinary thermal  springs  with  which  we  are  acquainted. 

Hot  springs  are  numerous  in  Iceland,  but  those  named  the 
Ge3rsers  are  the  most  singular.  They  are  alternately  in  a  state  of 
rest  and  of  violent  activity,  discharging,  at  intervals,  immense 
quantities  of  hot  water  and  steam. 

Sir  G.  Mackenzie  states  that  an  eruption  of  the  Great  Geyser, 
which  he  witnessed,  commenced  with  a  sound  resembling  the 
distant  discharge  of  a  piece  of  ordnance.  "  The  sound  was  re- 
peated irregularly  and  rapidly;  and  J  had  just,"  observes  this 
author,  "given  the  alarm  to  my  companions  ♦,  who  were  at  a  little 
distance,  when  the  water,  after  heaving  several  times,  suddenly 
rose  in  a  large  column,  accompanied  by  clouds  of  steam,  from  the 
middle  of  the  basin,  to  the  height  of  ten  or  twelve  feet.  The  co- 
lumn seemed  as  if  it  burst,  and  sinking  down  it  produced  a  wave, 
which  caused  the  water  to  overflow  the  basin  in  considerable 
quantity.  After  the  first  propulsion,  the  water  was  thrown  up 
again  to  the  height  of  about  mteen  feet.  There  was  now  a  suc- 
cession of  jets  to  the  number  of  eighteen,  none  of  which  appear- 
ed to  me  to  exceed  fifty  feet  in  height ;  they  lasted  about  five 
minutes.  Though  the  wind  blew  strongly,  yet  the  clouds  of 
vapour  were  so  dense,  that  after  the  first  two  jets  I  could  only 
see  the  highest  part  of  the  spray,  and  some  of  it  that  was  occa- 
sionally thrown  out  sideways.  After  the  last  jet,  which  was  the 
most  furioiis,  the  water  suddenly  left  the  basin,  and  sunk  into  the 
pipe  in  the  centre  f."  The  water  sunk  in  the  pipe  to  the  depth  of 
ten  feet,  but  afterwards  rose  gradually ;  when  sufficiently  high, 
its  temperature  was  observed,  and  found  =  209°  F. 

A  subsequent  eruption  of  the  same  Geyser  is  thus  described  b^ 
the  same  author.  After  an  alarm  given  of  its  approaching  acti- 
vity, "  in  an  instant,"  he  says,  "  we  were  within  sight  of  the 
Geyser;   the  discharges  continuing,    being  more  frequent  and 

*  Dr.  Bright  and  Dr.  Holland.      f  Mackenzie's  Travels  in  Iceland. 
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louder  than  before,  and  resembling  the  distant  firing  of  artillery 

from  a  ship  at  sea It  raged  furiously  and  threw  up  a 

succession  of  magnificent  jets,  the  highest  of  which  was  at  least 
ninety  feet*." 

One  of  the  other  fountains,  which  was  formerly  an  insignificant 
spring,  and  now  known  as  the  New  Geyser,  alternates  in  like 
manner.  The  eruption  commences,  as  at  the  Great  Geyser,  by 
short  jets,  which  increase  in  size.  When  a  considerable  mass  of 
water  is  thrown  out,  the  steam  rushes  forth  furiously,  accompa- 
nied by  a  loud  thundering  noise,  carrying  the  water,  when  Sir  G. 
Mackenzie  observed  it,  to  at  least  seventy  feet.  He  describes  it 
as  continuing  in  this  magnificent  play  for  more  than  half  an 
hour.  "  When  stones  are  dropped  into  this  pipe,  while  the  steam 
is  rushing  out,  they  are  immediately  thrown  up,  and  are  com- 
monly broken  into  fragments,  some  of  which  are  projected  to  an 

astonishing  height  t." 

There  are  other  alternating  hot  springs  in  Iceland,  which  are, 
however,  of  greatly  inferior  magnitude  to  the  Geysers.  The  springs 
of  Reikum,  with  a  temperature  of  212°  Fahr.,  rise  and  fall,  and 
dash  up  spray  to  the  height  of  twenty  or  thirty  feet.  In  the  val- 
ley of  Reikholt,  there  is  a  singular  alternation  of  two  boiling  jets, 
one  throwing  the  water  up  twelve  feet,  the  other  five  X. 

Temperature  of  the  Sea  and  of  Lakes, 

This  temperature  will  probably  be  in  part  derived  fi-om  that  of 
the  atmosphere,  and  partly  from  the  eartn;  but  water  being,  under 
certain  circumstances,  able  to  communicate  heat  with  great  ra- 
pidity, the  temperature  will  be  more  speedily  equalized  'in  it,  than 
m  the  solid  earth  beneath.  Water,  moreover,  at  a  given  tempe- 
rature possesses  a  greater  specific  gravity  than  when  that  tempe- 
rature IS  either  increased  or  diminished,  and  will  consequently,  at 
that  given  temperature,  sink  to  the  lowest  depths.  Even  if  it 
should  be  heated  there,  on  the  presumption  of  an  internal  heat 
in  the  earth,  the  water  will  still  obey  the  same  laws,  the  newly 
heated  water  will  ascend,  and  be  replaced  by  that  which  is  cooler 
and  of  greater  specific  gravity.  For,  in  order  that  the  water  should 
sink  to  these  depths  in  the  first  instance,  it  must  be  of  such  a  tem- 
perature, or  specific  gravity,  as  shall  enable  it  to  do  so,  and  any 
change  in  that  temperature,  if  it  be  that  of  the  maximum  density 
of  water,  will  cause  it  to  rise. 

*  Mackenzie's  Travels  in  Iceland. 

t  Travels  in  Iceland :  where  views  of  these  fountains  in  full  operation 
will  be  found. 

X  Waters  actually  at  the  boiling  point  seem  exceedingly  rare.  The 
thermal  waters  of  Urijino,  in  Japan,  are  stated  to  have  a  temperature  of 
212°  Fahr.,  but  it  does  not  appear  among  what  rocks  they  occur. 
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According  to  Dr.  Hope,  the  maximum  density  of  fresb  water  ia 
at  a  temperature  between  39^®  and  40**  Fahr.*,  and  this  determi- 
nation has  been  coniirmed  by  Professor  Moll.  According  to  the  ex- 
periments of  Professor  Hallostrom,  the  maximum  density  of  water 
occurs  at  the  temperature  of  4*'*108  centigrade  (39^*394  Fahr.). 

It  has  been  considered  that  the  maximum  density  of  sea-water 
a]^roaches  that  of  fresh  water.  On  this  head  we  have  not  any 
good  experiments,  but  it  may  be  supposed  that  the  saline  contents 
of  sea-water  would  have  considerable  influence  on  its  relative 
gravity  at  diflerent  temperatures. 

In  the  years  1819  and  1820  I  made  numerous  experiments, 
with  great  cai;;e,  on  the  temperature  of  the  Swiss  Lakes  at  various 
depths,  which  are  often  considerable.  The  results  of  more  than 
one  hundred  observations  on  the  Lake  of  Geneva,  in  September 
and  October  1819,  were,  that  between  the  surface  and  a  depth 
of  40  fathoms  the  temperature  varied  considerably.  From  67°  to 
64®  Fahr.  was  a  common  heat  from  one  to  five  fathoms,  and  there 
was  a  general  diminution  of  temperature  downwards  to  the  depth 
of  40  fathoms,  whatever  the  surface-heat  misht  be ;  in  other  words, 
there  was  a  general  increase  of  specific  gravity  downwards.  From 
40  fathoms  to  90  fathoms  the  temperature  was  always  44°,  with 
one  exception  near  Ouchy,  where  45°  were  observed  at  a  depth  of 
40  fathoms.  From  90  fathoms  to  the  greatest  depths,  which 
amounted  to  164  fathoms,  between  Evian  and  Ouchy,  the  tem- 
perature was  invariably  =  43°'5  Fahr.  It  will  be  observed,  that 
in  these  experiments,  made  with  a  register  thermometer  construct- 
ed for  the  purpose,  the  water  arranged  itself  according  to  the  tem- 
peratures that  would  be  expected,  on  the  supposition  of  the 
maximum  density  of  water  being  between  39°  and  40°f. 

After  the  severe  winter  of  1819,  I  made  some  further  experi- 
mentSy  and  found  that  the  temperature  of  the  lake  still  followed 
the  same  law. 

In  May,  1820,  I  tried  the  temperature  of  the  lakes  of  Thun 
andZug,  and  obtained  the  following  results^ . 

Lake  of  Thun.  Lake  of  Zug. 


Surface    60*» 

At  15  fathoms 42 

At  50  fathoms 41*5 

At  105  fethoms  41*5 


Surface  58** 

At  15  fathoms    42 

At  25  fathoms    41 

At  38  fathoms    41 


In  these  experiments  also,  the  results  are  in  accordance  with 
the  maximum  density  of  water  being  between  39°  and  40°,  as 

*  Trans.  Royal  Soc.  Edinburgh. 

t  A  detailed  account  of  these  experiments,  with  a  chart  of  soundings 
in  the  lake,  were  inserted  in  the  Biblioth^que  Universelle  for  1819;  from 
whence  it  was  copied,  in  part,  into  the  Edin.  Phil.  Journal,  vol.  ii. 

X  See  also  Bibliothdgue  Universelle  for  1820. 
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was  also  the  case  in  some  which  I  made  in  the  Lake  of  Nenfcha- 
tel,  during  very  cold  weather,  so  cold  indeed,  that  the  water  froze 
on  the  oars  of  the  hoat,  when  the  temperature  increased  towards 
the  supposed  maximum  density  of  water. 

If  we  now  turn  to  the  experiments  that  have  heen  made  by  dif* 
ferent  navigators  on  the  temperature  of  the  sea  at  various  depths, 
we  shall  ohserve  that  many. point  to  a  somewhat  similar  heat  for 
the  maximum  density  of  sea-water. — ^The  following  observations 
by  Scoreshy  show  an  increase  of  temperature  from  the  surface 
downwards,  quite  in  accordance  with  tms  supposition. 

Situation. 

Lat79«»4'N. 
Long.5°4'E. 


Depth.  Temp. 
rSurface.  .c...  29°-0 
13  fathoms...  31*0 
37  fathoms...  33*8 
57  fathoms...  34*5 
100  fathoms..  36*0 
400  fathoms..  36*0 


< 


Situation. 


Lat76°16'N.^ 


Depth.  Temp. 

r Surface...  28''-8 
50  fathoms  31*8 
123  fathoms  33*8 
230  fathoms  33*3 


Lat.  79°  4'  N  '-T  Surface. ...  29 
L.at.  7y    4  J^i--^  730  fathoms  37 


Again,  in  lat.  78°  2'  N.  and  long.  0°  10'  W.,  the  same  scien- 
tific navigator  obtained  38°  at  761  fathoms,  the  surface-water  be- 
ing 32°.  In  one  situation,  indeed,  in  lat.  76°  34'  N.  the  same 
observer  obtained  a  temperature  of  34°  at  60  fathoms,  and34°'7at 
100  fathoms,  after  having  had  35°  at  40  fathoms.  But  when  we  re- 
flect on  the  errors  that  may  arise  in  experiments  of  this  nature,  even 
with  the  greatest  care,  this  result  can  scarcely  invalidate  the  ge- 
neral evidence,  which,  if  we  neglect  the  immediate  surface-water, 
always  liable  to  be  acted  on  by  the  temperature  of  the  air  in  con- 
tact with  it,  seems  to  point  one  way,  whether  observed  by 
Scoreshy,  Parry,  Franklin,  or  Beechey  ♦. 

Kotzebue,  in  lat.  36°  9'  N.  and  long.  148°  9'  W.  found  the  sur- 
face-water =  71°*9,  the  air  being  73°  ;  at  25  fathoms  the  water 

*  The  experiments  of  Capt  Ross  are,  indeed,  opposed  to  this  view, 
for  they  give  a  decrease  down  to  25°  at  660  fathoms,  from  30°  at  100 
fathoms,  29°  at  200  fathoms,  and  28°  at  400  fathoms ;  in  lat  60°  44'  N. 
and  long.  59°  20'  W.  According  also  to  Dr.  Marcet,  the  maximimi  density 
of  sea-water  is  not  at  40°  Fahr.     He  states  that  this  water  decreases  in 
weight  to  the  freezing  point,  until  actually  congealed.     In  four  experi- 
ments Dr.  Marcet  cooled  sea- water  down  to  between  18^  and  19^  Fahr., 
and  found  that  it  decreased  in  bulk  till  it  reached  22^,  after  which  it 
expanded  a  little,  and  continued  to  do  so  till  the  fluid  was  reduced  to 
between  19°  and  18° ;  when  it  suddenly  expanded,  and  became  ice  with 
a  temperature  of  28°.     It  should  always  be  recollected  that  a  saturated 
solution  of  common  salt  does  not  become  solid,  or  converted  into  ice  at 
a  less  temperature  than  4°  Fahr. ;  and  therefore  if  the  sea  should  be, 
as  is  sometimes  supposed,  more  saline  at  great  depths,  and  as  it  appears 
to  be  in  the  Mediterranean  from  the  experiments  of  Dr.  Wollaston,  ice 
could  not  be  formed  there  at  the  same  temperature  as  it  could  nearer  the 
surface. 
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WB8  at  57^*1 ;  at  100  fathoms,  52^-8 ;  and  at  30  fathoms,  44^ : 
showing  a  decrease  of  temperature  towards  39°  or  40°.  In  laL 
23°  3'  N.  and  181°  56'  W.  Krusenstem  obtained,  at  the  surface, 
78°;  at  25  fathoms,  75°;  at  50  fathoms,  70°'5;  and  at  125 
Ga^oms,  61°-5. 

In  latitudes  south  of  the  tropics,  Kotzebue  observed  a  temperature 
of  49°-5  at  35  fathoms,  the  surface  being  at  67°,  the  air  at  68,  in 
laL  30°  39'  S.  The  same  navigator  found  the  temperature  at  196 
fathoms  to  be  =  38°-8,  in  lat.  44°  17'  S.  and  long.  57°  31'  W. ; 
the  surface-water  being  54°*9,  and  the  air  at  57°*6. 

The  following  are  among  the  temperatures  obtained  by  Capt. 
Beechey  *  at  various  depths  and  situations.  In  lat.  47°*  18'  S.,  and 
long.  53°  30'  W.,  the  surface  water  being  at  49°-8,  he  found  44°-7 
at  270  fathoms,  39°'2  at  603  fathoms,  40°- 1  at  733  fathoms,  and 
39°-4  at  854  fathoms.  In  lat  55°  58'  S.,  and  long.  72°  10'  W., 
the  surface  water  being  at  43°*5,  he  obtained  42°*5  at  100  fathoms, 
42°*5  at  230  fathoms,  42-5  at  330  fathoms,  and  41°*6  at  430 
^thorns.  In  the  South  Pacific,  he  found  in  lat  28°  40'  S.,  and 
long.  96°  W.,  71°  at  100  fathoms,  53°  at  200  fathoms,  49°  at  300 
fathoms,  and  45°  at  400  fathoms,  the  surface-water  bein^  at  74°. 
Among  the  observations  made  by  the  same  navigator  in  the  North 
Pacific  are  the  following :  in  lat.  61  °  lO'N.,  and  long.  1 83°  28'  W., 
in  July  1827,  at  5  fathoms  41°*5',  at  10  fathoms  38°,  at20  fathoms 
29°*5,  at  20  fathoms  30°*5,  (this  is  apparently  a  second  observa- 
tion at  the  same  depth),  at  30  fathoms  30°*5,  at  52  fathoms  32°*5, 
at  100  fathoms  32°-5,  and  at  200  fathoms  32°'5,  the  surface-water 
being  at  43°*5  and  the  air  at  45°  f. 

Observations  have  been  made  at  considerable  depths  in  the  tro« 
pics.  Capt  Sabine  found  in  lat  20°  30'  N.,  and  long.  83°  30'  W., 
a  temperature  of  45°*5  at  1000  fathoms,  the  surface-water  being  at 
83°.  Capt  Wauchope  obtained  in  lat.  10°  N.  and  long.  25°  W.,  a 
temperature  of  51°  at  966  fathoms,  the  surface-water  being  at  80° ; 
and  the  same  observer  also  found,  in  lat.  3°  20'  S.  and  7°  39'  £., 
a  temperature  of  42°  at  1300  fathoms,  the  surface-water  being 
at  73°.  Other  observations  within  the  tropics,  at  inferior  depths, 
show  the  same  decrease  of  temperature  downwards.  Thus  Kotze- 
bue in  lat  9°  21'  N.  obtained  77°  at  250  fathoms,  the  surface- 
water  being  at  83°  and  the  air  at  84° ;  and  under  the  equator,  in 

•  Beechey,  Voyage  to  the  Pacific,  &c. 

f  At  first  sight  these  latter  observations  would  appear  to  be  at  variance 
with  the  supposed  temperature  of  the  maximum  density  of  water ;  but 
by  attending  to  the  season  of  the  year  and  the  temperature  of  the  air  at 
the  same  time  and  place,  it  will  be  observed  that  the  superficial  water 
was  merely  influenced  by  the  temperature  of  the  superincumbent  atmo- 
sphere to  the  depth  of  a  few  fathoms,  after  which  the  waters  arranged 
themselves  according  to  their  supposed  increase  of  density. 
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long.  177°  5' W.,  55°  at  a  depth  of  300  fathoms,  the  surface-water 
being  at  82°*5  and  the  air  at  83°. 

It  will  be  observed,  from  what  has  been  stated  above^  that  the 
waters  of  lakes  and  the  ocean  (generally)  arrange  themselves  ac- 
cording to  certain  temperatures,  which  seem  to  show  that  expe- 
riments made  in  the  cabinet,  and  which  fix  the  maximum  density 
of  fresh  water  at  a  temperature  of  between  39°  and  40°  Fahr.,  are 
correct,  and  that  the  greatest  specific  gravity  of  sea-water  may  no| 
be  very  materially  different. 

The  probability  of  a  central  heat  would  appear  to  rest,  first, 
on  the  experiments  made  in  mines,  which,  notwithstanding  their 
liability  to  error  from  various  sources,  still  seem  to  show,  parti- 
cularly those  made  in  the  rock  itself,  an  increase  of  temperature 
from  the  surface  downwards ;  secondly,  on  thermal  springs,  which 
are  not  only  abundant  among  active  and  extinct  volcanos,  but  also 
among  all  varieties  of  rocks,  in  various  parts  of  the  world;  thirdly, 
on  the  presence  of  volcanos  themselves,  which  are  distributed  over 
the  globe,  and  present  such  a  general  resemblance  to  each  other, 
that  they  maybe  considered  as  produced  by  a  common  cause,  and 
that  cause  probably  deep-seated ;  and  fourthly,  on  the  terrestrial 
temperature  at  comparatively  small  depths,  which  does  not  coin- 
cide with  the  mean  temperature  of  the  air  above  it. 

The  temperature  at  the  bottom  of  seas  and  lakes  is  not  at -va- 
riance with  this  probability,  as  the  waters  merely  arrange  them- 
selves according  to  their  greatest  specific  gravity ;  and  this  would 
take  place,  whether  the  earth  was,  or  was  not,  heated  towards  the 
centre.  The  temperature  of  the  earth,  to  a  small  depth  imme- 
diately beneath  a  mass  of  sea,  is  also  likely  to  be  the  same  as  that 
of  the  maximum  density  of  the  water,  so  constantly  present  to  it. 

Neither  is  the  probability  of  internal  heat  at  variance  with  the 
figure  of  the  earth  or  observed  geological  phsenomena.  The  figure 
of  our  planet  being  that  whicn  a  fluid  body  would  assume  if  re- 
volving in  space,  it  is  as  probable  that  tnis  fluidity  should  be 
igneous  as  aqueous.  Geological  phaenomena  attest  the  eruptions 
of  igneous  matter  from  the  interior  at  all  periods ;  as  also  eleva- 
tions of  mountains  and  great  dislocations  of  the  earth's  surface, 
caused  by  forces  acting  from  beneath;  and,  finally,  a  great  decrease 
of  surface  temperature.  Should  we  be  inclined  to  build  a  theory 
on  the  probability  of  a  central  heat,  we  may  suppose,  as  has  often 
been  done,  that  our  world  is  a  mass  of  igneous  matter  in  the  act 
of  cooling. 

Baron  Fourier  considered  it  as  proved, — ^from  the  form  of  our 
spheroid,  the  disposition  of  the  internal  strata  (shown  by  experi- 
ments with  the  pendulum)  to  increase  in  density  with  their  depth, 
and  from  other  considerations, — that  a  very  intense  heat  formerly 
penetrated  all  parts  of  our  globe.  He  concluded  that  this  tem- 
perature was  dissipated  into  the  surrounding  planetary  spaces, 
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tiie  temperatuTe  of  which  he  considered,  from  the  hiws  of  radiant 
heat,  to  be  =  —50°  cent  (—58°  Fahr.).  He  moreover  in- 
ferred that  the  earth  had  nearly  reached  its  limit  of  cooling.  The 
original  heat  contained  in  a  spheroidal  mass  equal  in  magnitude 
to  our  globe,  would  diminish  more  rapidly  at  the  surface  than  at 
great  depths,  where  the  elevated  temperature  would  remain  for  a 
great  length  of  time.  He  further  inferred  from  these  circum- 
stances, and  from  the  temperature  of  mines  and  springs,  that  there 
is  an  internal  source  of  heat,  raisin?  the' temperature  of  the  sur- 
fiu»  above  that  which  the  action  of  the  sun  could  alone  give  it  *. 

Temperature  ef  the  Atmoephere, 

The  gaseous  compound  termed  the  Atmosphere,  which  sur- 
rounds the  earth,  has  been  calculated,  from  its  powers  of  refrac- 
tion, to  extend  upwards  about  forty-five  miles.  Dr.  Wollaston  consi- 
dered, from  the  laws  of  the  expansions  of  gases,  that  it  might  reach 
to  at  least  forty  miles,  with  its  properties  uninjured  by  rarefaction. 
On  this  head  Dr.  Turner  observes,  ''  that  the  tension  or  elasticity  ' 
of  gaseous  matter  is  lessened  by  two  causes,  diminution  of  pres- 
lore,  and  reduction  of  temperature.''  And  he  further  remarks, 
that  the  former  alone  has  been  taken  into  account  by  Dr.  Wol- 
laston, while  it  appears  to  him  that  the  extreme- cold  at  great 
heights  would  also  be  sufficient  to  limit  the  extent  of  the  atmo- 
^heref. 

Though  no  part  of  the  solid  earth  is  so  elevated  above  the 
general  surface  as  to  be  exposed  to  a  very  considerable  depres- 
non  of  temperature,  yet  numerous  mountains  are  of  sufficient 
height  to  be  covered,  at  their  summits,  with  what  has  been  termed 
perpetual  snow,  the  prolific  parent  of  innumerable  rivers,  without 
which  many  regions  would  be  uninhabitable.    The  line  of  perpe- 

*  M.  Svanberg,  calculating  what  might  possibly  be  the  temperature  of 
die  planetary  spaces,  proceeds  upon  another  principle  than  Uiat  of  the 
radiadon  of  heat  He  supposes  that  the  planetary  spaces  never  undergo 
any  change  of  temperatnre,  but  that  the  capacity  for  elevation  of  tem- 
perature, above  that  which  constantly  reigns  in  the  ethereal  regions, 
exists  only  within  the  limits  of  the  planetary  atmosphere.  He  obtains 
for  the  resalt  of  his  calculations  a  temperature  »  —  49°*85  cent  Observ- 
mg  this  near  approach  towards  Baron  Fourier's  supposed  temperature, 
he  had  the  curiosity  to  calculate  the  temperature  according  to  Lambert's 
statements,  respecting  the  absorption  which  takes  place  in  a  ray  of  light 
passing  from  the  zenith  through  the  whole  atmosphere,  and  found  that 
he  obtained  —50^*35  for  the  result  A  curious  coincidence  Detween 
the  results  of  the  three  modes  of  calculation. — Berzelius.  Annual  Pro- 
gress of  Chemical  and  Physical  Science.  Edin.  Joum.  of  Science,  vol.  iii. 
New  Series. 

f  Turner,  Elements  of  Chemistry,  p.  221. 
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tual  snbW  differs  generally  according  to  the  latitude,  and  is  liable 
to  very  great  variations  from  local  causes*  Some  of  these  varia- 
tions wiU  be  observed  in  the  following  Table,  by  Humboldt*,  of 
the  snow-line  in  certain  mountain  chains. 

Mountwns.  Latitude.  filSILlifh^f^t. 

Cordillera  of  Quito 0®  to    U®  S 15,730 

Cordillera  of  Bolivia. 16®  to  17|*  S 17,070 

Cordillera  of  Mexico 19®  tol9j®N 15,020 

Himalaya : 

Northern  Flank SOj^toSl®  N ,..,.„  16,620 

Southern  Flank 12,470 

Pyrenees  42^®  to  43®  N 8,950 

Caucasus 42i®  to  43°  N 10,870 

Alps  45i®  to  46®  N 8,760 

Carpathians 49®    to49iON 8,500 

Altai 49®    to51®N 6,400 

Korway: 

Interior 61®  to  62®  N 5,400 

InteHor 67®  to  67J®  N 3,800 

Interior 70®to7o|®N 3,500 

CoMt 71®  to  71^®  N 2,340 

Among  other  variations  from  the  theoretical  line  of  perpetual 
snow  wmch  have  been  produced  by  a  combination  of  physical 
circumstances,  it  will  be  observed  that  there  is  a  difference  be- 
tween the  northern  and  southern  flanks  of  the  Himalaya  of  more 
than  4,000  feet  in  favour  of  the  former,  by  which  means  a  large 

I  surface  is  inhabited  which  would  otherwise  be  unfit  to  support 

/janimal  and  vegetable  life. 

It  has  been  supposed  that  the  temperature  of  the  atmosphere 
diminished  equally  upwards  in  different  latitudes;  but  the  follow-* 
ing  Table,  also  by  Humboldt,  will  show  that  this  is  not  the  case, 
and  that,  on  the  contrary,  the  decrease  is  much  more  rapid  in  tbe 
temperate  than  in  the  equatorial  zone. 


Equatorial  sone; 

Temperate  zone; 

Height  in 
Engmnfeet. 

from  0©  to  10^. 

from  450  to  470. 

Mean 

DUftr. 

Mean 

DilRir. 

Temp. 

ence. 

Temp. 

ence. 

0    .... 

81-5 

0 

53-6 

0 

3,195     .... 

71-2 

10-3 

41-0 

12-6 

6,392     .... 

65-1 

6-1 

31-6 

9-4 

•7,do7          ...a 

57-7 

7-4 

23-4 

8-2 

12,792     .... 

44-6 

13-1 

15,965     .... 

34-7 

9-9 

*  Fragmens  Asiattques,  p.^S49. 


VdOeifi.  t! 

The  curve,  rq>re8entinff  the  line  of  perpetual  Aiow,  will  not  be 
equal  in  the  northern  and  southern  henuspheres,  as  the  latter  is 
found  to  be  colder  than  the  former. 

From  the  variable  height  at  which  perpetual  snow  commences, 
it  follows,  all  other  circumstances  being  tne  same,  that  the  extent 
of  dry  land  capable  of  sustaining  animal  and  vegetable  Ufe,  will 
decrease  from  the  equator  to  the^oles,  and,  consequently,  that 
there  is  a  greater  probability  of  an  Abundance  of  terrestrial  re* 
mains  being  entombed  in  any  deposit  now  taking  place  in  the 
tropics,  than  in  similar  deposits  in  nigh  latitudes*. 

VaUeys. 

A  classification  of  valleys  cannot  well  be  accomplished  without 
some  violence,  as  the  various  depressions  of  land,  to  which  the 
term  valley  has  been  much  too  generally  applied,  pass  into  each 
odter  in  such  a  manner  as  to  produce  compoundjs  of  no  easy  ar- 
rangement. No  great  value  is  therefore  attached  to  the  following 
sketch. 

Mountain  FaUetfs, — ^These  are  both  longitudinal  and  trans- 
verse ;  ranging  eitlier  in  the  direction  of  the  mountain  chain,  or 
across  that  direction.  Their  sides  are  generally  rugged,  crowned 
hy  lofty  pinnacles  and  broken  masses,  and  are,  for  the  most  part, 
iteep.  Atmospheric  agents,  far  from  producing  a  milder  ouuine, 
generally  add  to  their  broken  appearance.  The  melting  of  ice  and 
mow,  and  the  drain  of  rain-waters  furrow  their  sides,  bringing 
down  detritus  to  the  rivers,  which,  when  levels  are  favourable, 
depodit  it  in  situations,  well  suited  to  vegetation;  so  that  in 
mountain  regions  patches  of  verdure  occur  amid  the  wildest 
scenes,  presenting  a  singular  contrast  to  the  broken  forms  of  the 
mrrounding  mountains.  When  levels  are  unfavourable,  or  the 
fijlen  blocks  large,  the  masses  accumulate  in  the  water-courses,  and 
produce  innumerable  cascades,  adding  to  the  desolate  character 
of  such  regions. 

Lowland  Falleyt. — ^These  differ  from  the  preceding  in  their 
rounded  form,  which  would  render  a  section  of  uiem  an  undulating 
line,  the  undulations  varying  in  the  proximity  of  the  higher  parts 
and  in  depth,  so  that  the  more  elevated  portions  may  even  be  many 
miles  asunder,  and  the  depth  inconsiderable.    From  the  compa- 

*  If  we  consider  that  animal  and  vegetable  life  decreases  in  propor- 
tion as  the  atmosphere  becomes  colder  and  less  dense,  and  that  marine 
Ufe  is  less  abundant  as  the  pressure  of  the  sea  increases,  and  the  neccs* 
nuy  light  diminuhes,  we  obtain,  if  I  may  so  express  myself,  two  series 
of  zones,  one  rising  above  the  ocean-level,  the  other  descending  beneath 
it,  the  terms  of  the  two  series,  all  other  things  remaining  tiie  same, 
aflbtding  the  greater  amount  of  animal  and  vegetable  life,  as  they  re- 
•fecdvely  i^proach  the  ocean-level. 
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tatively  genile  slopes  of  ihese  valleys,  atmospheric  agents,  thongli 
still  able  to  decompose  the  rocks  beneath,  do  not  transport  me 
detritus  to  any  considerable  distance^  except  in  climates  and  situa- 
tions where  heavy  torrents  cf  rain  descend  on  land  unfavourable 
to  vegetation;  yet,  even  in  this  case,  the  general  rounded  out- 
lines of  the  hills  are  not  verv  considerably  impaired,  though  deep 
furrows  are  made  in  their  sides. 

Ravines  and  Oorget, — ^These  are  bounded  by  more  or  less 
perpendicular  walls  of  rock,  and  are  common  both  among  moun- 
tain and  lowland  valleys,  but  more  particularly  the  former.  They 
frequently  communicate  between  more  open  spaces,  and  their 
edges  may  often  be  approached  without  any  suspicion  that  they 
exist,  the  country  appearine^  as  one  continuous  slope  or  level. 

Broad  Flat-bottomed  FaUeys. — Level  plains  of  greater  or  less 
extent,  bounded  by  hills  or  mountains  on  either  side;  such  as  the 
great  valley  of  the  Rhine  below  Basle,  bounded  on  one  side  by 
vxe  Swartzwald,  and  on  the  other  by  the  Vosges. 

Such  a  diversity  of  form  would  seem  to  suggest  a  diversity  of 
origin.  The  mountain  valleys  for  the  most  part  resemble  large 
cracks,  produced  when  the  strata  were  suddenly  elevated  and 
contorted,  while  the  lowland  valleys  appear  as  if  a  large  body  of 
water  had  passed  over  them,  rounding  the  inequalities,  and  act- 
ing on  masses  of  strata  in  proportion  to  their  power  of  resistance. 
The  forges  or  ravines  would  seem  due  to  the  cutting  power  of 
running  waters,  xa  to  rifts  in  the  rocks  produced  by  violent  con* 
vulsions.  The  flat-bottomed  valleys  have  the  character  of  drain- 
ed lakes,  or  situations  where  the  rivers  or  floods,  not  having  any 
treat  velocityi  deposit  considerable  quantities  of  sediment  over  a 
at  surface. 

As  we  may  suppose  hill  and  dale,  moimtain  and  valley,  to  have 
existed  from  the  earliest  geological  periods,  and  that  strata  were 
by  no  means  deposited  in  one  even  plane  surface,  we  have  now  a 
very  complicated  system  of  depressions;  though  as  a  general 
fact  it  may  be  statea,  that  the  superior  stratified  rocks  have  filled 
up  and  covered  over  numerous  inequalities  of  the  inferior  strati- 
fied rocks,  as  is  the  case  in  Normandy,  where  the  oolite  group 
covers  over  the  uneven  surface  of  slates,  limestones  and  grau- 
wacke,  the  latter  rocks  here  and  there  protruding  through  the 
stratification  of  the  former,  and  becoming  visible  where  rivers  cut 
the  superincumbent  beds. 

If  we  can  imagine  a  violent  disruption  of  strata,  contorting^  or 
throwing  them  on  their  edges,  large  rents  and  fractures  would  be 
the  natural  consequences,  producing  longitudinal  and  transverse 
fissures;  but  these  would  merely  gape,  and  their  origin  would 
appear  clear,  if  not  modified  by  some  subsequent  action.  If  we 
suppose,  wiUi  the  advocates  for  no  greater  efiects  than  we  daily 
witness^  that  mountains  have  been  raised  gradually  by  a  multi« 
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tade  o^  earthqoakes  acting  always  in  the  same  line,  we  shall  have 
great  difficulty  in  explaining  the  position  of  strata  in  high 
ranges,  more  particularly  those  (such  are  by  no  means  uncommon 
in  the  calcareous  Alps,)  where  whole  mountains  are  contorted, 
and  even  appear  as  if  thrown  over,  as  at  the  Righi.  Whereas,  if 
we  suppose  that  the  elevations  have  been  more  violent,  these  dif- 
ficulties would  appear  to  vanish,  and  the  upturned,  overthrown, 
and  contorted  strata,  the  longitudinal  and  transverse  cracks  or 
vallejTS,  would  be  more  in  harmony  with  each  other. 

If  we  should  suppose  a  violent  disruption  of  strata  to  take  place 
beneath  the  waters  of  an  ocean,  these  waters  would  be  greatly 
agitated  and  react  upon  the  land,  rushing  into  the  cracks;  sweep- 
ing away  pinnacles;  driving  blocks  and  loosely  aggregated  strata 
before  tnem;  rounding  off  angles;  and  accumulating  detritus  at 
the  bottom  of  hollows.  Should  such  a  sudden  elevation  be  effected, 
partly  in  the  ocean,  and  pai^ly  out  of  it,  the  reaction  of  the  sea 
would  only  reach  ^e  lower  portion  of  the  upraised  strata,  and 
these  only  would  present  rounded  forms.  Should  the  strata  be 
elevated  only  in  the  atmosphere,  the  modification  of  the  original 
clacks  would  be  effected  by  atmospheric  agency  alone. 

Although  lowland  valleys  generally  present  rounded  forms,  the 
strata  composing  such  districts  are  often  far  from  undisturbed;  on 
the  contrary,  they  are  often  upturned,  contorted,  and  fractured, 
the  lines  of  valleys  being  frequently  the  same  with  those  of  the 
fiuilts  or  firactures.  Oft;en,  however,  no  appearances  of  fracture 
are  visible  in  the  hills,  though  these  are  traversed  by  faults  in 
various  directions.  Of  this  fact  the  neighbourhood  of  Weymouth, 
in  our  own  country,  may  be  cited  as  affording  good  examples. 

FaUeys  of  Elevation  are  those  which  seem  to  have  originated 
in  a  fra^re  of  the  strata,  and  a  movement  of  the  fractured  part 
upwards,  so  that  the  strata  dip  from  the  valley  on  either  side; 
nrobably  a  very  larse  proportion  of  mountain  valleys  might  be 
arranged  under  this  head;  out  at  present  geologists  seem  to  have 
confined  the  application  of  the  term  to  those  which  are  bounded 
by  hUls  of  moderate  height. 

Prof.  Bucldand  (in  1825)  noticed  valleys  of  this  kind  at  New 
Kingsclere,  Bower  Chalk,  near  Shaftesbury,  and  Poxwell  near 
Weymouth.  The  annexed  diagram  is  a  section  of  that  of 
Kingsclere. 

Fig.  1. 


y.  Valley  of  Kingsclere:  a  a,  chalk  with  flints:  bb,  chalk  with- 
out flints :  c  c,  green  sand. 


so 


.  VaUeys, 


It  will  at  once  be  observed,  that  the  strata  on  either  side  wiere 
once  continuous,  and  that  they  have  been  upheaved,  producing  a 
fracture,  which,  by  subsequent  denudation,  has  been  formed  into 
the  valley  we  now  see. 

Subsequently  to  the  observations  of  Prof.  Buckland,  similar 
valleys  in  Germany  have  occupied  the  attention  of  M.  Hoffinan, 
who  endeavours  also  to  show  that  they  are  connected  with  springs 
impregnated  with  carbonic  acid  gas.  In  support  of  this  opinion 
he  cites  the  vallev  of  Pyrmont,  of  which  he  gives  the  following 
section,  which  will  be  seen  closely  to  correspond,  in  its  general 
characters,  with  that  of  Kingsclere. 


M, the Muhlberg,  1107 feet:  B, the Bomberg,  1136 feet:  P,Pyrr 
mont,  the  bottom  of  the  valley  being  250  feet:  a  a,  keuper  (red  or 
variegated  marl) :  b  b,  musohelkalk:  c  c,  gr^s  bigarr6,  broken  into 
fragments  at  d,  through  which  the  acidulous  waters  are  forced  out^ 

As  at  Kingsclere,  the  strata  have  not  been  forced  up  to  equal 
heights  on  either  side.  The  gr^s  bigarr^  rises  to  850  feet  on  the 
Bomberg  or  north  side;  while  on  the  Muhlberg  or  south  side  it 
only  reaches  540  feet,  with  an  inferior  dip.  The  theoretical 
opinions  connected  with  these  appearances  will  be  noticed  in  the 
sequel;  at  present  it  is  only  necessaiy  to  point  out  the  existence 
of  such  valleys. 

M.  Hofiman  also  notices  similar  appearances,  with  acidulous 
springs,  in  the  valley  of  Dribourg,  on  the  left  bank  of  the  Weseiv 
and  several  other  combinations  of  the  like  kind*. 

VaUeyi  of  Denudation, — Although  the  valleys  of  elevation 
above  noticed,  may  also  be  termed  valleys  of  aenudation,  thia 
name  seems  given,  in  preference,  to  those  valleys  where  the  strata 
are  not  far  removed  from  an  horizontal  position  on  either  side»  and 
of  which  also  the  former  continuity  cannot  be  doubted.  Of  these, 
the  following  section  of  tbe  valley  of  Charmouth  will  afford  an 
example. 

Fig.,  3. 


a  a,  summits  of  the  hills  composed  of  angular  flint  and  chert 

*  Journal  de  G6oIogie,  torn,  i. 
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gravel,  the  remains  of  former  superincumbent  chalk  and  green 
sand  which  have  been  partially  dissolved  In  place:  bby  green 
sand,  with  an  uneven  upper  surface  resulting  from  the  causes  that 
have  produced  the  gravel:  c  c,  lias,  in  which  the  lower  part  of  the 
vaQey  has  been  excavated:  d^  small  river  Char  flowing  at  the  bot- 
tom. If  proportions  had  been  strictly  attended  to,  the  stream 
would  have  been  invisible.  On  the  sides  of  the  hills,  from  a  to  d, 
much  chert  and  flint  gravel  is  distributed  over  the  rocks  b  and  c, 
and  it  may  be  questionable  how  much  of  it  has,  during  a  great 
hspse  of  time,  descended  from  the  heights,  as  has  occurred  ou  the 
slopes  of  similarly  rounded  hills,  in  the  South  Hams  in  Devon, 
and  how  much  may  have  been  left  at  the  original  formation  of 
the  valley.  The  advocates,  indeed,  of  such  excavations  by  no 
greater  powers  than  those  we  daily  witness,  would  consider  this 
valley  rormed  hj  the  insignificant  streamlet  which  now  flows 
through  it,  aided  by  the  rain-waters.  This  valley  is,  however, 
the  sole  channel  of  drainage  for  a  district  many  miles  in  extent, 
in  which  the  actual  river,  with  every  assistance  from  floods,  has 
only  eflfected  a  cut,  varying  fr>mi  four  to  fifteen  feet  deep,  bounded 
by  perpendicular  walls;  th^e  walls  not  composed,  for  the  most 
part,^  of  lias,  but  of  gravel  and  drifted  materials,  such  as  are 
strewed  over  the  valley  of  all  heights,  from  the  bed  of  the  river  to 
tiie  tops  of  the  hills.  Such  valleys  are  common  in  various  parts 
of  the  world,  and  not  unfrequently  are  without  running  waters  in 
them,  so  that  these  could  not  have  caused  them.  Even  in  Jamaica, 
where  heavy  tropical  rains  are  sufiiciently  common,  there  are 
▼alleyB,  in  which  the  waters  are  swallowea  up  by  subterraneous 
cavities,  or  sink-holes,  and  no  continuous  streams  are  formed.  In 
England  we  have  examples  of  dry  valleys,  in  our  chalk  districts, 
in  the  oolite  of  Yorkshire,  and  among  the  slates  of  the  South 
Hams,  Devon*;  a  covering  of  vegetation  or  turf  most  commonly 
protecting  the  surface  from  removal,  even  during  heavy  rainsw 
On  the  west  coast  of  Peru,  where  rain  never  falls,  there  are  also 
some  remarkable  examples  of  dry  valleys,  which,  judging  from 
sketches,  resemble  many  a  lowland  valley  with  rounded  sides  in 
Europe.  The  form  of  these  valleys  is  also  opposed  to  their  pro- 
duction by  running  waters,  for  they  are  rounded  and  not  bounded 
by  perpendicular  walls. 

&>metimes  the  upper  part  of  a  hill  being  composed  of  harder 
materials  than  the  lower  portion,  it  advances  with  a  somewhat 
bold  escarpment 

The  i^neral  form  of  these  valleys  would  seem  to  suggest  a 
mode  01  formation  somewhat  diflerent  from  that  of  the  mountain 

*  These  latter  are  due  to  the  highly  inclined  position  of  the  strata, 
between  the  fissures  of  which  the  rain-water,  after  haying  been  received 
in  a  porous  superficial  gravel,  percolates.  '^ 
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valleys ;  one  which  hds  permitted  a  yery  general  removal  of  hold 
projecting  points.  There  is  scarcely  a  district  of  any  con^derable 
extent,  composed  of  these  valleys,  which  does  not  contain  fissures, 
or  faults,  even  when  the  strata  are,  as  a  mass,  not  far  removed  from 
an  horizontal  position.  In  other  situations  the  strata  are  upheaved, 
contorted,  and  intruded  by  trap  rocks,  yet  the  general  forms  of 
the  valleys  are  not  considerably  altered ;  the  same  rounded  forms 
still  prevail.  From  this  general  prevalence  of  the  same  character, 
it  may  not  be  unreasonable  to  conclude  that  some  similar  cause 
has  produced  them.  They  appear  as  if  scooped  out  by  large 
moving  masses  of  waters ;  the  least  resisting  parts  first  giving 
way.  We  might  imagine  this  to  have  been  effected  by  great  dis- 
turbances beneath  an  ocean  ;  such  as  would  be  caused  by  the  ele- 
vation of  long  ranges  of  mountains  near  them,  or  a  disruption  of 
the  strata  of  which  they  were  actually  composed ; — in  fact,  by 
submarine  earthquakes  of  much  greater  force  than  those  which 
we  now  witness.  Earthauakes  of  the  present  day  frequently  pro^ 
duce  violent  waves,  which  discharged  on  a  coast  ravage  all  within 
their  reach.  The  sudden  elevation  of  mountains  to  the  height  of 
several  thousand  feet  would  be  accompanied  by  violent  distur- 
bance of  the  land,  causing  the  waters  of  neighbouring  seas  to  rise 
considerably,  and  overwhelm  land  within  their  reach ;  and  these 
discharges  of  masses  of  water  might  have  great  scooping  powers, 
more  particularly  if  they  acted  on  fractured  strata,  or  small  pre- 
viously existing  depressions.  These  valleys  may  also  have  been 
formed  beneath  agitated  waters,  in  which  currents  moving  with 
great  velocity  were  produced ;  the  land  having  been  afterwards 
protruded  above  the  level  of  the  sea.  These  observations  on 
the  origin  of  lowland  valleys  should  be  considered  as  mere  specu- 
lations, which  future  investigations  may  show  to  be  either  pro- 
bable or  improbable.  One  argument  in  their  favour,  in  preference 
to  the  supposition  that  they  have  been  scooped  out  by  rivers,  is, 
that  in  many  instances  the  rivers  quit  the  valleys,  which  would 
appear  continuations  of  their  natural  channels,  and  pass  through 
gorges  or  ravines  cut  in  lands  of  considerable  elevation  on  one 
side ;  the  barrier  to  their  natural  passage  onwards  being  merely  a 
gentle  rise  of  a  few  feet  at  the  bottom  of  the  valley,  not  easily 
observed. 

Changes  on  the  Surface  of  the  Globe. 

The  present  condition  of  our  planet's  surface  is  far  from  stable ; 
on  the  contrary,  if  time  enough  could  be  allowed,  a  great  change 
in  the  relations  of  land  and  water  would  be  effected.  This  pro- 
cess is  undoubtedly  slow,  but  it  is  nevertheless  certain,  and  so  ap- 
parent, that  many  persons  have  been  inclined  to  refer  all  geologi- 
cal phsenomena  to  a  continuance  of  those  efiects  of  existing  causes 
irhich  we  daily  witness.    As  far  as  we  can  judge  from  known 
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iacts,  ihifl  opinion  seems  to  have  been  somewhat  hastily  adopted, 
and  not  altogether  in  accordance  with  all  those  geological  phseno- 
mena  with  which  we  are  at  present  acquainted.  As  the  student 
may,  however,  be  supposed  not  to  possess  a  knowledge  of  these 
phenomena,  the  consideration  of  tneir  relative  value  must  be 
waived  until  he  becomes  more  familiar  with  the  subject. 

After  geologists  had  ceased  to  amuse  themselves  by  fabricating 
theories,  without  being  at  the  trouble  of  examining  the  surface 
strocture  of  that  world  which  they  made,  modified,  and  broke  to 
pieces  at  their  own  good  will  and  pleasure,  and  when  it  was  thought 
that  a  knowledge  of  facts  was  somewhat  necessai^  to  a  knowledge 
of  the  subject,  it  was  soon  observed  that  considerable  changes  had 
taken  place  on  the  world's  surface.  Facts  being  still  few,  hypotheses 
were  easily  formed,  and  were  more  or  less  plausible  according  to  the 
knowledge  of  the  day.  These  will  be  found  in  the  various  works 
which  treat  of  the  history  of  geology,  and  therefore  need  not  be 
produced  here ;  it  will  be  sufficient  to  observe  that  the  two  pre- 
vailing theories  of  the  present  time  are,  1st,  That  which  attri- 
butes all  geological  phsenomena  to  such  effects  of  existing  causes 
as  we  now  witness ;  and,  2ndly,  That  which  considers  them  re- 
ferable to  series  of  catastrophes  or  sudden  revolutions.  The  dif- 
ference in  the  two  theories  is  in  reality  not  very  great;  the  ques- 
tion being  merely  one  of  intensity  of  forces,  so  that,  probably,  by 
uniting  the  two^  we  should  approximate  nearer  to  the  truth. 

Classification  of  Rocks. 

The  term  Rock  is  applied  by  geologists,  not  only  to  the  hard  sub- 
stances to  which  this  name  is  commonly  given,  but  also  to  those 
various  sands,  gravels,  shales,  marls,  or  clays,  which  form  beds, 
strata,  or  masses  *. 

Rocks  were  first  divided  into  two  classes,  Primitive  and  Secon- 
dary, it  being  considered  that  they  originated  under  different  cir  - 
comstances ;  the  latter  only  containing  organic  remains.  To  this 
Werner  added  a  third  class,  which  he  named  Transition,  consi- 
dering that  it  exhibited  a  passage  from  the  primary  into  the  se- 
condary. Subsequently,  from  observations  made  by  MM.  Cuvier 
and  Brongniart  on  the  country  round  Paris,  a  fourth  class  was  in- 
stituted, and  called  Tertiary,  because  the  strata  composing  it  oc- 
curred above  the  chalk,  a  rock  considered  as  the  highest  of  the 
secondary  class.  These  divisions  or  classes  are  more  or  less  in  use 
at  the  present  time,  though  it  seems  somewhat  generally  admitted 
that  they  are  insufficient,  and  not  in  accordance  with  tne  present 
state  of  science.  Numerous  modifications  and  divisions  have  been 
proposed,  which,  though  preferable  to  the  preceding,  have  not  been 
adopted,  the  force  of  habit,  possibly,  havmg  prevuled. 

*  For  the  terms  used  In  geolo^,  see  Appendix  A« 
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To  propose  in  the  present  state  of  geological  science  any  clas- 
sification of  rocks  which  should  pretend  to  more  than  temporary 
utility,  would  he  to  assume  a  more  intimate  acquaintance  with  the 
earth's  crust  than  we  possess.  Our  knowledge  of  this  structure 
is  far  from  extensive,  and  principally  confined  to  certain  portions 
of  Europe.  Still|  however,  a  mass  of  information  has  gradually 
been  collected,  particularly  as  respects  this  quarter  of  the  world, 
tending  to  certain  general  and  unportant  conclusions;  among 
winch  the  principal  are, — ^that  rocks  may  he  divided  into  two  great 
classes,  the  stratified  and  the  unstratified ; — that  of  the  former 
some  contain  organic  remains,  and  others  do  not ;  and  that  the 
non-fossiliferous  stratified  rocks,  as  a  mass,  occupy  an  inferior 
phice  to  the  fossiliferous*  strata  also  taken  as  a  mass.  The  next 
important  conclusion  is,  that  among  the  stratified  fossiliferous 
rocks  there  is  a  certain  order  of  superposition,  apparently  marked 
by  peculiar  general  accumulations  of  organic  remains,  though  the 
mineralogical  character  varies  materially.  It  has  even  been  sup- 
posed that  in  the  divisions  termed  formations,  there  are  found  cer- 
tain species  of  shells,  &:c.  characteristic  of  each.  Of  this  supposi- 
tion extended  observation  can  alone  prove  the  truth ;  but  it  must 
not  be  supposed,  as  some  now  do,  that  in  any  accumulation  often 
or  twenty  beds,  characterized  by  the  presence  of  distinct  fossils  in 
4  given  district,  the  organic  remains  will  be  found  equally  cha- 
racteristic of  the  same  part  of  the  series  at  remote  distances. 

To  suppose  that  all  the  formations,  into  which  it  has  been 
thought  advisable  to  divide  European  rocks,  can  be  detected  by 
the  same  organic  remains  in  vanous  distant  points  of  the  globe, 
is  to  assume  that  the  vegetables  and  animals  distributed  over  the 
surface  of  the  world  >were  always  the  same  at  the  same  time,  and 
that  they  were  all  destroyed  at  the  same  moment,  to  be  replaced 
by  a  new  creation,  differing  specifically,  if  not  generic$illy,  from 
that  which  immediatelv  preceded  it.  From  this  theory  it  would 
also  be  inferred  that  tne  whole  surface  of  the  world  possessed  an 
uniform  temperature  at  the  same  given  epoch. 

It  has  been  considered,  but  has  not  yet  been  sufiiciently  proved, 
that  the  lowest  rocks  in  which  organic  remains  are  found  entomb^ 
ed,  show  a  general  uniformihr  in  their  organic  contents  at  points 
on  the  surface  considerably  mstant  from  each  other,  and  that  this 
general  uniformity  gradually  disam>eared,  until  animal  and  vege- 
table life  became  as  different  in  dmerent  latitudes,  and  even  under 
various  meridians,  as  it  now  is.  How  far  this  opinion  may,  or  may 
not,  be  correct,  can  only  be  seen  when  geological  facts  shall  have 
been  sufiicienUy  multiplied ;  but  it  is  one  which  demands  cojud'^ 
derable  attention,  as  the  classification  of  fossiliferous  rocks  greatly 
depends  upon  it.    Should  it  eventually  be  found  to  a  certain  d&t 

*  The  term  fasiltferout  is  here  confined  to  organic  remains. 
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grae  oaraeet,  it  would  not  be  at  variance  with  thd  theoiy  of  a  cen- 
tul  heat,  which  having  diminished,  pennitted  solar  heat  gradually 
to  aeqiiire  an  influence  on  the  earth's  surface. 

CUttsifications  of  rocks  should  be  convenient,  suited  to  the  state 
of  Kience,  and  as  free  aspossible  from  a  leading  theory.  The  usual 
divisions  of  Primitive,  transition,  Secondary,  and  Tertiary,  may 
periiapa  be  convenient,  but  thejr  certainlv  cannot  lay  claim  to 
either  equality  with  the  state  of  science,  or  nreedom  from  theory. 

In  the  accompanying  Table,  rocks  are  first  divided  into  Stratified 
and  Unstrmtifiec^  a  natural  division,  or  at  all  events  one  conve- 
nient for  practical  purposes,  independent  of  the  theoretical  opi- 
mons  that  may  be  connected  with  either  of  these  two  great  classes 
of  rocks.  The  same  may,  perhaps,  also  be  said  of  the  next  great 
drriaioQ;  namely,  that  oi  the  stratified  rocks  into  Superior  or  Fos- 
■lifieioas,  and  Inferior  or  Non-fossiliferous.  The  superior  stratified 
er  fiMsiliferous  rocks  are  divided  into  groups.  We  are  yet  well  ac- 
quainted with  so  small  a  portion  of  the  real  structure  of  the  earth  s 
exposed  snrfiice,  that  all  general  classifications  seem  premature ; 
and  it  appears  useless  to  attempt  others  than  those  which  are  cal- 
colated  for  temporary  purposes,  and  of  such  a  nature  as  not  to  im- 
pede, by  an  assumption  of  more  knowledge  than  we  possess,  the 
general  advancement  of  geology. 

Stratified  Boeks.  Group  1.  (Modem)  seems  at  first  sight  natu- 
ral and  easOy  determined ;  but  in  practice  it  is  often  very  difficult 
to  say  where  it  commences.  When  we  take  into  consideration  the 
great  depth  of  many  ravines  and  gorges,  which  appear  to  originate 
m  the  cuttine  power  of  existing  nvers,  the  cliffs  even  of  the  hard- 
est rocks  which  more  or  less  bound  any  extent  of  coast,  and  the 
immense  accumulations  of  comparatively  modern  land^  euch  as 
those  which  constitute  the  deltas  of  great  rivers,  and  the  great  flats, 
such  as  those  on  the  western  side  of  South  America,  there  is  a 
difficulty  in  referring  these  phenomena  to  the  duration  of  a  com- 
paratively short  period  of  time.  Geologically  speaking,  the  epoch 
IS  recent ;  but  according  to  our  ideas  of  time,  it  appears  to  reach 
back  fisr  beyond  the  dates  commonly  assigned  to  the  present  order 
of  things. 

Group  2.  (Erratic  Block)  is  exceedingly  difficult  to  characterize 
and  should  only  be  regarded  as  provisional.  It  may  be  considered, 
meTel7  for  convenience,  as  comprising  those  superficial  gravels, 
breccias,  and  transported  materials  which  occur  in  situations  where 
causes  similar  to  those  now  in  action  could  not  have  placed  them. 
The  most  extraordinary  feature  of  this  group  is  the  distribution  of 
those  enormous  blocks  or  boulders  found  so  singularlv  perched  on 
mountains,  or  scattered  over  plains,  far  distant  mm  the  rocks  from 
whence  they  appear  to  have  been  broken. 

Group  3.  (Supracretaceous)  coroprisesthe  rocks  usually  termed 
tertiaiy:  they  are  exceedinj^ly  various^  and  contaia  an  Vmsnsoi^^ 
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accumulation  of  organic  remains,  terrestrial,  fresh-water,  and 
marine.  This  group  has  lately  heen  shown  to  approach,  more 
closely  than  was  supposed,  to  the  existing  order  of  things  on  the 
one  side,  and  to  the  following  group  on  the  other. 

Group  4.  (Cretaceous)  contains  me  rocks  which  in  England  and 
the  North  of  France  are  characterized  by  chalk  in  the  upper  par^ 
and  sands  and  sandstones  in  the  lower.  The  term  '  cretaceous ' 
is  perhaps  an  indifferent  one ;  for  probably,  the  mineralogical 
character  of  the  upper  portion,  whence  the  name  is  derived,  is 
local,  that  is,  confined  to  particular  portion»  of  Europe,  and  may 
be  represented  elsewhere  by  dark  compact  limestones  and  even 
sandstones.  As,  however,  geologists  are  perfectly  agreed  as  to 
what  rock  is  meant  when  we  speak  of  the  *■  chalk,'  there  seems  no 
objection  to  retain  it  for  the  present.  The  Wealden  rocks  have 
been  arranged,  for  the  present,  in  this  group,  though  their  organic 
remains  show  a  different  origin,  because  they  may  be  conveniently 
studied  in  connection  with  it. 

Group  5.  (Oolitic)  comprises  the  various  members  of  the  oolite 
or  Jura  limestone  formation,  including  lias.  The  term  '  oolitic '  haa 
been  retained  upon  the  same  principle  as  that  of  ^  cretaceous.'  In 
point  of  fact,  this  mineralogical  character  is  found  only  in  an  in-< 
significant  part  of  the  rocks  known  as  the  oolite  formation  in 
England  and  France ;  and  moreover  it  is  not  confined  to  the  rocks 
in  question,  but  is  common  to  many  others.  In  the  Alps  and  in 
Italy  the  oolite  formation  seems  replaced  by  dark  and  compact 
marble  limestones,  so  that  its  mineralogical  character  is  of  little 
value.  • 

Group  6.  (Red  Sandstone)  contains  the  red  or  variegated  mark 
(mames  iris^es,  keuper),  the  muschelkalk,  the  new  reid  or  varies 
gated  sandstone  (gr^s  bigarr6,  hunter  sandstein),  the  zechstein  or 
magnesian  limestone,  and  the  red  conglomerate  (rothe  todte  lie- 
gende,  grds  rouge).  The  whole  is  considered  as  a  mass  of  con- 
glomerates, sandstones,  and  marls,  generally  of  a  red  colour,  but 
most  frequently  variegated  on  the  upper  parts.  The  limestones 
may  be  considered  subordinate;  sometimes  only  one  occurs, 
sometimes  the  other,  and  sometimes  both  are  wanting.  There 
seems  no  good  reason  for  supposing  that  other  limestones  may  not 
be  developed  in  this  group  in  other  parts  of  the  world. 

Group  7.  (Carboniferous.)  Coal-measures,  carboniferous  lime* 
Stone,  and  old  red  sandstone  of  the  English.  The  former  would 
appear  in  the  greater  number  of  instances  to  be  naturally  divided 
from  the  group  (6)  above  it ;  but  the  latter,  though  disconnected 
from  the  group  (8)  beneath  in  the  North  of  England,  is  apparently 
So  united  with  it  in  many  other  situations,  that  the  old  red  san^ 
stone  may  be  considered  as  little  else  than  the  upper  part  of  the 
gtauwacke  series  in  those  places. 

Group  6.  (Grauwacke,)    This  may  be  considered  as  a  mass  of 
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sandBtones,  dates,  and  conglomerates,  in  which  limestones  are 
occasionally  developed.  Sandstones  which  mineralogically  resem- 
ble the  old  red  sandstone  of  the  English,  not  only  occupy  the 
upper  part,  hut  frequently  also  other  situations  in  the  series. 

Group  9.  {Lowest  FossUiferous. )  Slates  of  various  kinds,  among 
which  stratified  compounds,  resembling  some  of  the  unstratified 
rocks,  are  by  no  means  imfVequent.  Organic  remains  very  rare. 

Inferior  or  Non-fossiliferous  Stratified  Rocks  f—com^prismg  slates 
of  different  kinds,  and  various  crystalline  compounds  arranged  in 
strata,  such  as  saccharine  marble,  in  which  other  minerals  may  or 
may  not  be  imbedded,  gneiss,  protogine,  &:c.  From  various  circum- 
stances, many  rocks  in  the  previous  division  so  assume  the  mine- 
ralogical  characters  of  those  in  this,  as  to  be  undistinguishable 
from  them,  except  by  geological  situation ;  but  it  may  be  as- 
sumed, that,  as  a  mass,  the  strata  in  this  division  are  far  more 
crystalline  than  in  those  of  the  superior  stratified  rocks,  the  origin 
of  which  seems  chiefly  mechanic^. 

Unstratified  Rocks, — ^This  great  natural  division  is  one  of  con- 
siderable importance  in  the  history  of  our  globe,  as  the  rocks  com- 
posing it  seem  to  have  caused,  jointly  with  the  forces  that  ejected 
them,  very  considerable  changes  on  the  earth's  surface.  They  are 
very  generally  admitted  to  be  of  igneous  origin;  some  of  them  in- 
deed, thoseproduced  by  active  volcanoes,  never  could  have  been 
doubted.  Tlieir  great  characteristic  is  a  tendency  to  a  crystalline 
structure,  though,  in  many,  this  cannot  be  traced.  Every  grada- 
tion from  the  crystalline  to  the  non-crystalline  structure  can  fre- 
quently be  observed  in  the  same  mass.  The  minerals,  felspar, 
quartz,  hornblende,  mica,  diallage  and  serpentine,  enter  largely  into 
tne  composition  of  these  rocks,  more  particularly  the  former. 

In  proposing  this  classification,  I  am  fully  aware  that  many 
just  objections  may  be  made  to  it,  but  it  pretends  to  little  beyond 
convenience :  and  if  ^ologists  could  be  induced  to  use  something 
of  this  kind,  or  any  other  that  would  better  answer  the  purpose  of 
relieving  us  from  the  old  theoretical  terms,  I  cannot  but  imagine 
that  the  science  would  derive  benefit  from  the  change. 

In  the  following  part  of  this  little  volume,  s^eological  phseno- 
mena  will  be  noticed  in  accordance  with  this  dassification.  But 
to  enable  those  who  prefer  other  arrangements  to  avail  themselves 
of  any  facts  that  may  be  brought  forward,  the  equivalents  of  the 
divisions  or  jgroups  above  noticed  are  given  in  the  annexed  Table, 
where  the  classifications  of  Conybeare,  Brongniart,  and  Omalius 
D'Hfdloy,  as  also  the  improved  Wemerian,  are  placed  in  parallel 
columns  with  it 
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Section  II. 


MODERN  GROUP. 

Degradation  of  Land. 

There  is  a  constant  tendency  in  all  decomposed  or  disintegrated 
substances  to  be  removed,  by  the  agency  of  rains  and  superficial 
waters,  to  a  lower  level  than  tbeypreviously  occupied,  and  finally 
to  be  transported  into  the  sea.    Tnere  is  no  rock,  even  the  hard- 
est, that  does  not  bear  some  marks  of  what  has  been  termed  wea- 
thering, or  of  the  action  of  the  atmosphere  upon  it.    The  amount 
of  surface-change,  so  produced,  is  exceedingly  variable,  depend- 
ing much  on  local  causes.    Thus,  a  rock  may  undergo  complete 
disintegration  in  one  situation,  though  composed  of  nearly  the  same 
materials  as  that  in  another,  of  which  the  change  has  been  com- 
paratively trifling.     When  we  contemplate  the  present  surface  of 
our  continents  and  islands,  we  cannot  but  be  struck  with  the  great 
effects  that  have  been  produced  upon  them  by  the  agents  com- 
monly known  as  existing  causes ;  and  amons  these,  the  weathering 
and  degradation  of  land  are  very  remarkable,  attesting  a  lapse  of 
time  far  beyond  the  usual  calculations.    The  tors  of  Dartmoor, 
Devon,  may  be  referred  to  as  excellent  examples  of  the  weather- 
ing of  a  hard  rock.    These  are  composed  of  granite,  which,  as  Dr. 
MacCulloch  has  observed,  are  divided  into  masses  of  a  cubical  or 
prismatic  shape.     *'  By  degrees,  surfaces  which  were  in  contact 
become  separated  to  a  certain  distance,  which  goes  on  to  augment 
indefinitely.    As  the  wearing  continues  to  proceed  more  rapidly 
near  the  parts  which  are  most  external,  and  therefore  most  ex- 
posed, the  masses  which  were  originally  prismatic  acquire  an  irre- 
gular curvilinear  boundary,  and  the  stone  assumes  an  appearance 
resembling  the  Cheese-wring  (Cornwall).   If  the  centre  of  gravity 
of  the  mass  chances  to  be  high  and  far  removed  from  the  pen>en- 
dicularof  its  fulcrum,  the  stone  falls  from  its  elevation,  and  be- 
comes constantly  rounder  by  the  continuance  of  decomposition, 
till  it  assumes  one  of  the  spheroidal  figures  which  the  granite 
boulders  so  often  exhibit.    A  different  disposition  of  that  centre 
will  cause  it  to  preserve  its  position  for  a  greater  length  of  time, 
or,  in  favourable  circumstances,  may  produce  a  logging  stone  *." 
The  weathering  of  these  tors  is  so  exceedingly  alow  that  the  life 

*  MacCulloch.  Geol.  Trans.  Ist  series,  vol.  ii. ;  where  there  are 
views  of  Vixen  Tor,  the  Cheese-wring,  and  Logan  Rock :  as  also  in 
Sections  and  Views  illustrative  of  Geological  Phsnomena,  pi.  20. 
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of  man  will  scarcely  permit  him  to  observe  a  change;  therefore 
the  period  requisite  to  produce  their  present  appearances  mudt 
have  been  very  considerable.  The  surface  of  the  whole  country 
round  these  districts  attests  the  same  great  lapse  of  time.  What- 
ever may  be  the  nature  of  the  rock,  it  is  disintegrated  to  consi- 
derable depths;  porphyries,  slates,  compact  sandstones,  trap  rocks, 
— all  have  sufiered,  out  the  valleys  appear  to  have  previously  ex- 
isted, and  the  general  form  of  die  land  to  have  been  much  the 
same  as  it  now  is.  The  following  section  will  explain  this  decom- 
position of  Bur&ce. 


Fig.  4. 


a  a,  decomposition  of  the  rock  b  b  following  a  line  of  previous 
elevation  and  depression,  the  accumulation  being  greatest  at  the 
bottom  of  the  valley  c,  frequently  cut  through  by  a  river  or  rivulet, 
and  sometimes  exposing  a  stratified  appearance,  as  if  the  disinte- 
grated substances  of  the  hill-sides  hact  slipped  over  each  other  to 
Sie  bottom  of  the  valley.  The  maximum  quantity  of  detritus  so 
brought  down  to  the  llottom  of  a  valley,  sometimes  amounts  to 
25  or  30  feet.  This  detritus,  which  is  often  very  loosely  aggre- 
gated, is  now  indeed  protected  from  removal,  at  least  to  a  great 
extent,  by  grass  and  general  cultivation.  The  various  appearances 
of  this  detritus  are  singular;  for  often  larger  pieces,  perhaps  of 
twenty  or  thirty  pounds  weight,  are  included  among  small  frag- 
ments and  even  sand.  Of  this  the  following  section,  exhibited  on 
the  sea-shore  at  Black  Pool,  Dartmouth,  affords  an  example. 


a  a,  detritus  from  the  grauwacke  slates  b  b,  more  thickly  accu- 
mulated atef.c  c,  a  high  beach  of  small  quartz  shingles,  defending 
the  bottom  of  the  valley  d  (which  is  much  lower  than  the  crown  of 
tbe  beach)  and  the  cUm  on  either  side.  The  drainage  of  the  valley 
escapes  in  a  serpentine  manner  by  a  rivulet  at  e.  At  e  and  /, 
many  laive  fragments  are  mixed  with  the  smaller. 

Toe  sCites  in  the  South  Hams,  Devon,  are  frequently  sur- 
mounted by  a  superficial  covering  of  fragments,  which,  at  their 
miion  with  the  undecomposed  rock,  appear  as  if  some  force  had 
been  exercised  at  the  commencement;  the  slates  being  broken 
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and  tuilied  back  in  the  manner  Fi?.  6. 

represented  beneath.  ^ 

a,  T^etable  soil :  b,  small  frag* 
ments  of  slate  resting  in  various 
directions:  e,  portions  of  laminae, 
turned  backwards,  sometimes  with- 
out fracture. 

If  we  proceed  to  the  eastward  from  the  South  Hams,  the  same 
appearances  present  themselves,  whatever  may  be  the  nature  of  die 
rock,  though  they  become  somewhat  more  complicated  upon  Hal-* 
don  Hill,  and  on  the  coast  of  Sidmouth  and  Lyme  Regis,  as  this 
decomposition  of  the  surface  seems  mixed  with  a  disintegraticm 
effected  previous  to  the  deposit  of  the  supercretaceous  rocks.  A 
deep  disintegration  of  surface,  conforming  to  the  undulations  of 
the  country,  is  well  observed  in  Normandy,  where  it  has  been  de- 
scribed by  M.  de  Caumont  and  M.  de  Magneville,  and  seems  due 
to  the  action  of  the  same  causes  which  have  produced  the  decom- 
^ition  of  surface  in  the  South  of  England. 

This  destruction  of  the  surface  is  common  to  most  countries) 
and  if  the  rock  so  weathered  be  limestone,  there  is,  not  imfre* 
quently,  a  reconsolidation  of  the  parts  by  means  of  calcareous 
matter  deposited  by  the  water  that  percolates  through  the  frag* 
ments,  and  which  dissolves  a  portion  of  them.  At  Nice,  the  frae* 
tured  surface  thus  reunited  is  so  hard,  that,  if  it  occur  on  a  line  of 
road,  it  must  be  blasted  by  gunpowder  for  removal.  There  are 
some  fine  examples  of  this  reconsolidation  upon  the  limestone  hills 
of  Jamaica,  as  for  example  near  Rock  Fort,  and  at  the  clifb  to 
the  eastward  of  the  Milk  River's  mouth. 

The  felspar  contained  in  granite  is  often  easily  decomposed^ 
and  when  this  is  effected  the  siurface  frequently  presents  a  quarts 
zose  gravel.  '  D'Aubuisson  mentions  that  in  a  hollow  way,  which 
had  been  only  six  years  blasted  through  granite,  the  rock  was  en- 
tirely decomposed  to  the  depth  of  three  inches.  He  also  states 
that  the  granite  country  of  Auvergne,  the  Vivarrais  and  the  east- 
em  Pyrenees,  is  frequently  so  much  decomposed,  that  the  travel- 
ler may  imagine  himself  on  large  tracts  of  gravel*. 

Some  trap-rocks,  from  the  presence  of  the  same  mineral,  are  so 
liable  to  decomposition  that  there  is  frequently  much  difficidty  in 
obtaining  a  specimen.  The  depth  to  wmch  some  rocks  of  this  na- 
ture are  disintegrated  in  Jamaica  is  often  very  considerable. 

This  decomposition  is  attributed  to  the  chemical  as  well  as  me- 
chanical action  of  the  atmosphere.  With  the  slow  and  quiet 
changes  effected  by  electricitv  on  the  surface  we  are  venr  imper- 
fectly acquainted ;  but  all  are  familiar  with  the  effects  of  a  discharge 
from  a  thunder-storm,  shivering  rocks^  and  hurling  fragments  from 
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the  heights  into  ^  vaneyi  benealb.  In  thcM  electrical  ditchargw 
die  lk;ktning  often  fiuee  the  nirface  of  rocki.  Thui,  De  Ssiuaura 
fooDd  a  compound  rock,  on  Mont  Blanc,  fuaed  on  the  nuface, 
white  bubble*  being  on  tlie  febpar,  and  black  bubble*  on  the  horn- 
blende. Similar  obacrvationB  bave  been  made  by  other  gcologisti 
in  other  parta  of  tbe  irorld.  The  oxygen  of  the  atmoi^ere  pro- 
duce* coniiderable  alteration  in  rocks,  more  particularly  observed 
in  thoM  containing  iron,  which  are  thus  dlen  reduced  &om  a 
liaid  to  a  toft  (ubstiince. 

At  Peninis  Point,  St.  Mary'i,  Scilly  Islands,  thrae  is  a  curious 
(ZKuple  of  that  decompuition  of  granite,  which  anttquariea  have 
termed  roek-bamt,  and  conaidered  the  work  of  the  Druida.  The 
Kettle  and  Pant,  a*  these  depressions  are  there  named,  occur  in 
tbe  large  blocks  of  granite  ou  the  top  of  this  promontory ;  they  are 
generally  tbiee  feet  in  diameter  and  about  two  feet  deep;  they 
are  mostly  circular  and  concave,  but  there  are  otben  much  in- 
dented at  the  sides.  "Some  have  perpendicular  sides  and  flat 
bottoms,  some  are  of  an  oval  fbrm,  and  others  of  no  regular  figure. 
Many  o(  the  blocks  are  six  or  seven  yards  high,  eight  or  nine 
yttds  iqnsre,  and  several  of  them  have  four,  five,  six  or  more  of 
tbete  caTities  in  them.  A  large  rock  near  tbe  extremity  of  thia 
gnnp  has  two  basins,  of  an  immense  size,  besides  several  smaller 
«nes.  The  npper  and  larger  one  appears  to  have  been  formed 
by  the  jnnction  of  three  or  more  large  basins.  It  is  irregularly 
n^wd,  and  about  eighteen  feet  in  circumference  and  dx  feet 
deep.  When  the  water  in  this  basin  has  attained  the  height  of 
Aree  feet,  it  discharges  itself  by  a  lip  into  a  lower  basin,  more  re- 
^lailyfbrmed,  the  back  of  which  is  about  fivefeet  high,  but  which 
II  incapable  of  containing  more  than  a  depth  of  two  feet  of  water, 
owing  to  the  declivity  of  the  surface  of  the  rock*."  A«  Bi»iiof 
tiiat  similar  decomposition  sometimes  takes  place  on  the  sicles  of 
a  Uock,  tbe  author  above  cited  mentions  an  oval  cavity,  six  feet 
long,  five  wide,  and  nearly  four  feet  deep,  thus  situated.  The  fbl- 
lown^  wood-cut  will  afibrd  an  idea  of  the  Kettle  and  Fans  f. 


Here  is  scarcely  a  substance,  which  having  been  exposed  to 


44  '  Degradation  of  Land* 

the  action  of  the  atmosphere  for  a  considerable  time,  does  not  ex- 
hibit marks  of  weathering.  It  will  even  be  observed  on  the  hard- 
est siliceous  rocks.  The  action  of  the  atmosphere  on  cliffs  of  sand- 
stone, in  which  the  cement  varies  in  induration  or  otherwise,  pro- 
sduces  the  most  grotesque  forms,  which  must  be  more  or  lessfami- 
liar  to  the  least  observing.  Variations  iu  temperature  much  as- 
sist the  chemical  decomposing  power  of  the  air. 

Water  may  be  considered  as  the  principal  mechanical  agent  in 
the  great  work  of  atmospheric  destruction,  uniting  at  the  same 
time  the  character  of  a  chemical  agent.  By  infiltration  it  tends  to 
separate  the  particles  of  which  the  rocks  are  composed,  uniting 
chemically  with  the  cementing  matter  in  some  cases,  and  in  others 
forcing  it  away  mechanically ;  in  both  instances  leaving  the  par- 
ticles not  previously  acted  upon,  more  easily  disturbed  by  a  con- 
tinuation of  infiltration.  In  those  situations  where  the  tempera- 
ture descends  sufficiently  low  to  produce  frost,  the  mechanical 
action  of  the  atmospheric  water  becomes  much  more  considerable. 
Having  entered  into  the  interstices  of  rocks  when  liquid,  it  assumes 
a  greater  volume  when  it  becomes  solid  from  a  sufficiently  dimi- 
nished temperature,  felt  at  greater  or  less  depths  in  proportion  to 
the  amount  of  decreased  heat  of  the  climates  where  the  rocks  may 
be  situate.  Portions  of  rock  are  thus  forced  asunder,  and  fine  par- 
ticles so  separated,  that  the  mere  return  of  the  water  to  a  liquid 
state,  assisted  by  gravity,  is  sufficient  to  remove  them.  The  large 
masses  have  their  centres  of  gravity  often  so  altered  relatively  to 
rocks  on  which  they  rest,  that  when  no  longer  cemented  by  the  ice, 
they  fall  from  their  situations  to  a  lower  level.  The  fall  of  rocks 
occasioned  by  this  means  is  common  in  lofty  mountains,  where  con- 
siderable heights  are  exposed  to  the  alternations  of  frost  and  thaw. 

By  percolation  through  porous  rocks  the  water  attains  strata 
which  are  not  so,  such  as  clays.  The  water  thus  stopped  in  its 
course  downwards,  escapes  as  it  best  can  to  the  sides  of  hills  and 
other  situations,  producing  springs.  At  the  places  where  this 
discharge  of  water  takes  place,  there  is  also  a  mechanical  destruc- 
tion of  the  parts  through  which  the  water  delivers  itself.  Rocks 
are  affected  by  this  action  of  the  water  in  proportion  to  their  com- 
position ;  which,  though  not  porous,  may  still  be  acted  on  by  the 
water.  An  argillaceous  substratum  will  get  gradually  moist  at 
the  surface,  and  in  favourable  situations  may  become  a  wet  clay. 
The  stability  of  the  mass  above  will  depend  upon  the  relative 
position  of  the  strata.    Thus  in 

the  wood-cut  annexed,  if  on  the  F*     &  "k^ 

mountain    a,    water    percolate  ^^*  ^ 

through  the  porous  strata  b  to 
the  impervious  clay  bed  c  c,  the 
surface  of  the  latter  would  be- 
come slippery,   and    the  mass.    <^ 
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ibove  be  launched  into  the  valley  d.  Now  this  is  precisely  what 
happened  in  the  case  of  the  Ruffiberg  in  Switzerland.  This  moun- 
tain, also  known  as  the  Rossberg,  is  5196  feet  above  the  level  of 
the  sea,  and  rises  opposite  the  well  known  Righi.  Its  upper  part 
is  composed  of  beds  of  a  compound  rock  formed  from  the  debris 
of  the  Alps  at  a  previous  geological  epoch.  These  are  to  a  certain 
extent  porous,  and  the  water  percolates  through  them  to  a  clay 
stratum  on  which  they  rest ;  the  whole  dipping  at  a  considerable 
angle  (about  45^).  The  clay  becoming  soft  by  the  action  of  the 
water,  and  the  tluck  superincumbent  beds  losing  their  support,  the 
latter  were  launched  over  the  slippery  and  inclined  surface  beneath, 
and  the  valley  below  was  covered  with  their  ruin. 

ThiB  slide  took  place  on  the  2nd  of  September  1 806,  and  co- 
?ered  a  beautiful  valley  with  rocks  and  mud.  The  villages  of 
Gtddau  and  Busingen,  the  hamlet  of  Huelloch,  a  large  part  of  the 
village  of  Lowertz,  the  farms  of  Unter-  and  Ober-Rothen,  and 
many  wittered  houses  in  the  valley,  were  overwhelmed  by  the 
nun.  Goldau  was  crushed  by  masses  of  rocks,  and  Lowertz  in- 
vaded by  a  stream  of  mud. 

The  torrent  of  rubbish  and  mud  which  rushed  into  the  lake  of 
Lowertz  produced  such  a  motion  of  the  waters,  that  the  village  of 
Seven,  situated  at  the  other  extremity,  was  inundated,  and  in 
great  danger  of  being  destroyed,  two  houses  having  been  washed 
away.  Live  fish  were  found  in  the  village  of  Steinen,  thrown  there 
by  the  flood.  The  lives  lost  were  calculated  from  800  to  900. 
Sevonl  travellers  perished.  It  appears  that  there  are  traditionary 
accounts  of  former,  though  smaller,  slides  from  the  Rouffi  or 
Rossberg*. 

Large  fells  from  mountains  take  place  from  the  percolation  of 
water  to  certain  portions,  which  they  mechanically  loosen  or 
chemically  destroy  without  sliding  over  an  inclined  plane,  as  in 
the  case  of  RoufS,  though  the  force  of  gravity  still  causes  the  falL 
The  Alps  have  afforded  many  examples  of  this  fact,  among  others 
that  of  the  ^eat  fall  from  the  Diablerets  in  1749. 

Nothing  IS  so  common  in  mountainous  regions  as  a  talus  of 
detritus  Drought  to  the  foot  of  a  cliff;  this  detritus  composed  of 
fragments  of  the  rocks  above,  detached  by  decomposition  from 
fheur  surface,  and  brought  down  directly  by  their  own  £;ravity,  or 
by  the  union  of  their  own  gravity  and  the  force  of  surrace-water, 
the  latter  derived  from  rains  and  the  melting  of  snows.  Ava- 
lanches of  snow  are  great  transporters  of  such  fragments ;  and  in 
the  places  where  they  fall  there  are  always  great  accumulations 
of  them,  often  borne  from  the  greatest  heights  by  the  irresistible 
fiiry  of  the  descending  snow. 

*  For  a  view  of  this  fall,  taken  four  days  after  the  catastrophe, — see 
Sections  and  Views  lUustratiTe  of  Geological  Phenomena,  pi.  ZZ^ 
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The  under  cliffs  at  Pinhay,  near  Lyme  Regis,  may  be  taken  u 
an  example  of  the  destruction  of  a  cM'by  means  of  land  firings, 
greater  tnan  that  which  is  produced  by  the  action  of  the  sea  in  th» 
same  place. 


Fig.  9. 

g,-^^^ 

„a^^ 

*™                                                »"—                          "■ 

■u                            * 

a,  gravel:  5,  chalk:  c,  green  sand,  both  porous  rocks  throiigh 
.Irhich  the  water  percolates  to  the  clay  bed  d,  composed  of  the  lower 
part  of  the  green  sand  beds  c  and  the  upper  part  of  the  lias  beds 
« ;  being  arrested  in  its  progress  downwards,  the  water  escapes 
by  the  easiest  road,  which  is  that  presented  by  the  cliff  origintuly 
formed  by  the  sea.  It  here  gradually  carries  away  the  clay,  first 
rendering  it  moist.  The  chalk  and  green  sand  lose  their  supportf 
give  way,  and  fall  over  into  the  sea.  The  lias  e  does  not  give  way 
80  fast  before  the  sea  at  the  cliffy,  as  the  superincumbent  mass, 
affected  by  the  land  springs ;  therefore  the  latter  retreats  until  it 
has  formed  a  great  talus  at/;  but  this  talus  tends  constantly  to 
move  forward  both  by  the  destruction  of  the  lias  cliff  at  g,  and  by 
the  tendency  of  the  land  springs  to  loosen  its  base,  and  to  propel 
it  into  the  sea.  The  chalk  and  green  sand  containing  hara  sub- 
stances, often  of  considerable  size,  great  protection  is  afforded  to 
the  cliffy,  by  their  fall  over  its  top,  the  fury  of  the  breakers  being 
greatly  spent  upon  these  masses. 

Rivera, — 'These  most  frequently,  though  not  alwajrs,  take  their 
rise  among  hills  and  mountains,  and  are  supplied  either  by  the 
melting  of  snows  or  glaciers,  by  the  draining  of  rain-waters,  or  by 
springs.  They  transport  the  aetritus  formed  either  by  the  atmo- 
n>heric  agents,  pre vioudy  noted,  or  by  themselves.  The  power  of 
this  transport  depends  upon  their  vdocities.  Now,  the  velocity 
of  a  river  current  i^  greatest  in  the  centre,  and  least  on  the  sides 
and  bottom,  being  retarded  by  fHction,  water  having  a  certain 
viscosity ;  consequently,  the  transporting  power  of  a  river  is  least 
where  it  comes  in  contact  with  the  substances  to  be  transported. 
These  substances  are  generally  angular  if  detached  from  simple 
rocks  for  the  first  time,  such  as  pieces  of  limestone,  granite,  &&, 
and  at  the  commencement  present  great  obstacles  to  transporta-r 
tion ;  for  the  velocity  of  a  current  must  be  sufficient  to  move  these 
angular  fragments  before  they  can  suffer  attrition.  Rocks  com- 
posed of.  fragments  which  have  been  previously  rounded,  audi  •• 
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irates,  will,  if  they  decompose  easily,  eontribute  ready- 
ravel  to  the  river,  which  might  thus  be  able  to  carry  them 
while  its  velocity  was  insufficient  to  transport  angular 
s  of  equal  weight.  The  transport  of  sandstones  wifi  de- 
their  state  of  induration,  and  be  easy  where  the  particles 
ly  aggregated ;  difficult,  when  so  compact  as  to  form  an- 
jments. 

the  velocity  of  a  river  is  sufficient  to  produce  attrition 
^stances  which  it  has  either  torn  up,  collected  by  under- 
s  banks,  or  which  have  fallen  into  it,  they  gradually  he- 
re easy  of  transport,  and  would,  if  the  force  of  the  current 
1  always  the  same,  be  forced  forward  until  the  river  de- 
self  into  the  sea ;  but  as  the  velocity  of  a  current  greatly 
on  the  fall  of  the  river  from  one  level  to  another,  the 

is  regulated  by  the  inclination  of  the  river's  bed.  Now 
known  thai;  this  inclination  varies  materially,  even  in  the 
3r ;  so  that  it  may  be  able  to  carry  detritus  to  one  situa- 

may  be  imable  to  transport  it  further,  under  ordinair 
mces,  in  consequence  of  diminished  velocity.     But  this 

and  often  is,  so  much  increased  further  down,,  that 
al  transporting  power  may  be,  in  a  great  measure,  re- 
It  can  now,  however,  only  carry  forward  such  detritus 
receive  or  tear  up  in  its  course,  and  the  pebbles  which 
behind  at  the  place  of  its  first  diminished  velocity  can 
>rought  within  its  power  by  floods,  or,  in  other  words,  by 
Inary  circumstances.  As  a  general  fact,  it  may  be  fairly 
at  rivers,  where  their  courses  are  short  and  rapid,  bear 
bbles  into  the  seas  near  them,  as  is  the  case  in  the  Man- 
's, &c. ;  but  that  when  their  courses  are  long,  and  changed 
)id  to  slow,  they  deposit  the  pebbles  where  the  force  of 
m  diminishes,  and  finally  transport  mere  sand  or  mud  to 
uths,  as  is  the  case  with  the  Rhine,  Rhone,  Po,  Danube, 
&c. 

follow  that  the  form  of  the  detritus  carried  to  the  sea 
ind  upon  the  length  and  velocities  of  rivers,  all  other  cir- 
zes  being  the  same. 

its  course  the  form  of  the  land  be  such  that  lakes  are 
I,  the  detritus  borne  down  by  a  river  will  be  deposited  in 
is,  which  have  thus  a  tendency  to  be  gradually  filled  up^ 
ity  of  the  detritus  depending  on  the  vdocity  of  the  riv^. 
equalities,  producing  small  lakes,  are  common  in  nooun- 
33rs,  and  have  evidently  been  once  much  more  so.  The 
ra  the  stream  issuing  from  the  lake  will  greatly  depend 
!  fall  of  land  over  which  it  flows.  The  stream  will  en- 
to  cut  down  the  barrier  which  produced  the  lake,  but  it 
•w  or  the  rocks  hard,  it  will  enect  little ;  while  if  it  be 
the  rocks  easily  cut,  it  will  traverse  the  natural  bar,  drain^ 
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the  lake,  and  pennit  the  river  to  flow  in  an  uninterrupted  course,  t 

Should  tile  lake,  while  it  existed,  have  heen  partially  filled  up  by  i 

the  detritus  from  above,  the  river  will  cut  through  this  also,  and  i 

the  part  thus  cut  away  will  be  transported  to  a  lower  level.     The  g 

following  diagram  may  assist  the  reader.  r 

Fig.  10. 


a  6,  course  of  a  river  flowing  into  the  lake  h  hcy  whic'  is  filled  * 
with  water  to  the  level  h  c,  the  surplus  falling  over  the  slope  cd,  c 
jtnd  continuing  its  course  in  the  direction  d g:  e/,  deposit  of  de*  i 
tritus  derived  from  the  river  a  6,  at  the  bottom  of  the  lake  c  hh:  * 
h  d,  bed  of  the  river  formed  by  cutting  through  the  barrier  e  c  d,  * 
and  part  of  the  detritus  e  hf,  so  as  to  form  a  continuous  coiurse  > 
with  a  6  on  the  one  side  and  ^  ^  on  the  other.  « 

When  lakes  are  large,  such  for  instance  as  those  of  Geneva  and    < 
Constance,  an  immense  lapse  of  time  will  be  required  to  fill  them    % 
with  detritus,  so  that,  eventually,  a  continuous  river  may  traverse    ^ 
land  occuppng  a  space  once  filled  by  the  water.    Lakes  of  this    | 
magnitude  oppose  great  obstacles  to  the  transport  of  pebbles.  The    t 
progress  of  a  large  proportion  of  detritus  from  the  Alps  is  arrested 
Dy  lakes  on  their  north  and  south  sides.    Thus,  on  the  north,  the     i 
Rhine  deposits  its  mountain  detritus  in  the  lake  of  Constance,  and    « 
the  Rhone  its  transported  pebbles  and  sands  in  the  lake  of  Geneva.     ■ 
Between  these  two  great  lakes,  those  of  Zurich,  Lucerne,  &c.,  re-     i 
ceive  the  gravels  of  other  Alpine  rivers.     On  the  south,  the  Lago     i 
Maggiore  receives  the  Alpine  detritus  of  the  Ticino,  the  lake  of    " 
Como,  that  of  the  Adda ;  and  the  lakes  of  Garda,  &c.  perform  the     ' 
same  oflice  to  other  rivers.    From  these  circumstances  it  will  be 
evident,  that  the  detritus  of  a  large  portion  of  the  Alps  cannot 
travel,  by  the  rivers,  either  into  the  ocean  or  the  Mediterranean. 
The  Po  receives  the  waters  of  a  large  portion  of  the  Alps,  and 
carries  sand  and  silt  into  the  sea;  but  the  pebbles  are  arrested 
before  it  receives  the  Ticino,  which,  though  it  transports  rounded 
stones,  does  not  bring  them  directly  from  the  Alps,  but  from  its 
banks,  after  quitting  the  Lago  Maggiore,  which  banks  contain 
the  rounded  Alpine  fragments  of  a  previous  epoch.    The  same 
with  the  Rhone  near  Geneva,  in  which  Alpine  pebbles  occiur,  and 
which  could  not,  in  the  actual  state  of  things,  be  derived  from  the 
Alps,  because  they  would  have  been  stopped  in  the  lake  of  Ge- 
neva.   They  are  derived  from  its  banks  and  bed  immediately  on 
quitting  the  lake.  Geological  students,  in  examining  river-courses, 
should  he  very  careful  in  distinguishing  between  pebbles  from  the 
immediate  banks  of  rivers,  and  those  which  might  be  derived 
from  a  distance,  but  to.the  transport  of  which,  by  the  rivers,  phy- 
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sical  obstacles  oppose  themselves.  From  a  want  of  attention  to 
this  circumstance  man^  errors  have  arisen.  It  has  been  con- 
sidered that  the  mode  m  which  a  river  discharges  itself  into  a 
lake,  and  pushes  forward  its  detritus,  would  be  such  that  the  de« 
posit  would  assume  a  nearly  horizontal  stratification.  The  angle 
of  deposit  must,  however,  depend  upon  the  depth  and  the  quality 
of  the  detritus  discharged  into  it.  Thus,  if  it  be  composed  of  sand 
and  mud,  it  will  be  propelled  further  into  the  body  of  the  lake  than 
if  it  consist  of  pebbles.  Examples  of  both  cases  will  be  found  in 
the  lake  of  Geneva.  The  ordinary  deposit  from  the  Rhone  is 
sandy  .fnd  muddy,  which  sinks  in  clouds,  from  its  s;reater  specific 
gravity,  beneath  the  clear  waters  of  the  lake ;  yet  the  initial  velo- 
city is  sufficient  to  transport  a  part  of  it  about  a  league  and  a 
quarter,  for  I  found  a  portion  of  it  at  the  depth  of  90  fathoms, 
raising  the  bottom  of  the  lake  between  St.  Gingolph  and  Vevey  *, 
This  would  give  a  very  slight  dip  from  the  embouchure  of  the 
Rhone.  Ofi*  the  mouth  of  the  Drance,  a  torrent  rushing  into  the 
lake  near  Ripaille,  the  pebbles,  forced  down,  must  arrange  them- 
selves at  a  much  more  considerable  angle ;  for  80  fathoms  are  ob- 
tained at  a  short  distance  fiom  the  shore.  The  same  variations 
in  dip  will  also  be  observed  in  the  lake  of  Como,  where  the  turbid 
waters  of  the  Adda  have  deposited  a  considerable  quantity  of  sand 
and  mud,  which  slopes  gradually  at  a  gentle  angle ;  while  the 
torrent-borne  detritus  at  Bellano,  Mandello,  Abbadia,  and  other 
places,  arranges  itself  with  a  much  more  considerable  inclination. 
It  would  seem  to  follow  that  the  stratification  of  lake  deposits 
derived  from  the  land  around  them,  would  not  be  uniform,  but 
vonld  depend  on  local  circiunstances,  rivers  or  torrents  propelling 
detritus  before  them,  which  would  be  as  various  as  the  rocks  they 
leapectively  traversed ;  each  collection  would  have  a  mode  of  de- 
posit of  its  own,  independent  of  the  others,  and  they  would  tend 
to  approach,  and  finally  to  unite  with  each  other. 

Tile  higher  part  of  the  lake  of  Como  is  nearly  filled  up  by  the 
detritus  transported  by  the  Adda  and  Meraf.  The  former  has 
divided  the  lake  into  two ;  the  smaller  portion  (known  by  the 
name  of  the  Lago  di  Mesola)  being  so  shallow  from  the  united 
deposit  of  the  two  rivers  and  some  torrents,  that  aquatic  plants 
now  through  the  water  on  the  eastern  part;  while  on  the  western, 
m  which  there  is  a  greater  depth,  the  process  of  filling  up  is 
hastened  by  means  of  stones,  detached  in  such  numbers,  m  par- 
ticular seasons  of  the  year,  from  the  heights  on  that  side,  that  a 
passage  in  a  boat  beneafb  the  clifi^  becomes  exceedingly  ha- 
zardous. Considering  the  many  thousand  revolutions  of  our  planet 

*  .For  a  map  and  sections  of  this  lake,  see  Bibliothdque  Universelle  for 
1819. 
t  See  Sections  and  Views  illustrative  of  Geological  Phsenomena,  pL  31. 
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round  the  sun,  that  must  have  taken  place  since  the  land  assumed 
its  present  general  form,  we  should  expect  to  find  the  harriers  even 
of  considerable  lakes  cut  through  under  favourable  circumstances, 
and  accordingly  we  do  discover  appearances  which  would  seem  to 
warrant  this  conclusion. 

It  is  by  no  means  uncommon  to  find  plains  of  greater  or  lew 
extent,  bounded  on  all  sides  by  high  land,  and  through  which  a; 
principal  river  meanders,  entering  at  one  end  by  a  valley,  and 
passing  out  through  a  gorge  at  the  other,  augmented  by  tributary 
streams  from  the  surrounding  hills :  sometimes  these  plains  have 
no  principal  river  passing  through  them ;  but  many  small  streams, 
descending  from  the  mountains,  unite  in  the  plain  and  pass  out 
also  through  a  gorge.  In  such  cases  the  plain  presents  the  ap- 
pearance of  a  drained  lake,  such  as  we  may  suppose  would  be 
exhibited  in  many  now  existing,  if  passages  for  the  waters  were 
cut  through  any  part  of  the  basms  holding  them.  The  gorge  at 
Nami  seems  to  have  let  out  the  waters  of  a  lake  supplied  by  the 
Nera,  which  now  flows  through  the  plain  of  Temi,  the  former 
bottom  of  the  lake.  The  great  fertile  plain  of  Florence  seems 
once  to  have  been  the  bed  of  a  lake,  the  drainage  of  which  was 
effected  by  a  cut  through  the  high  land  that  bounds  it  on  the  west. 
If  this  outlet  were  again  closed,  the  waters  of  the  Amo  wovld 
again  cover  the^plain  and  convert  it  into  the  bed  of  a  lake.  The 
period  at  which'  the  break  in  the  Jura  was  formed  at  the  Fort  de 
I'Eduse,  may  perhaps  be  questionable ;  but  if  closed,  it  would 
stop  the  course  of  the  Rhone,  and  convert  the  lake  of  Geneva  into 
a  much  larger  body  of  water. 

These  appearances  are  not  confined  to  one  part  of  the  world; 
they  would  appear,  from  the  descriptions  of  intelligent  travellers, 
to  exist  very  commonly.  I  have  myself  observed  examples  in 
Jamaica.  The  district  named  St.  Thomas  in  the  Vale  is  a  marked 
one.  Here  we  have  low  land  bounded  on  all  sides  by  hills,  which 
would  form  the  banks  of  a  lake,  were  not  the  waters  let  out  by 
the  gorge  through  which  the  Rio  Cobre  flows. 

It  would  therefore  appear,  though  large  lakes  collect  mountain 
detritus,  which  is  distributed  over  a  large  surface,  enveloping,  pro- 
bably, animal  and  vegetable  remains,  that  the  barriers  of  the  lakes 
may  be  cut  through,  and  the  rivers  again  act  on  a  portion  of  the 
^vious  deposit. 

The  probability  that  many  gorges  originate  from  the  cutting 
power  of  rivers  discharged  from  Is&es,  is  rendered  stronger  by  ex- 
amining those  natural  basins  which  are  drained  by  subterraneous 
channels,  and  where  gorges  are  not  found.  Thus  Luidas  Vale,  in 
the  island  of  Jamaica,  is  a  district  surrounded  on  all  sides  by  high 
land,  and  would  form  a  lake,  were  not  the  waters,  derived  from 
heavy  tropical  rains,  carried  off  by  sink-holes  in  the  low  grounds. 
A  body  of  water,  brought  to  turn  the  water-wheel  of  an  estate's 
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works,  is  swallowed  up  close  to  these  works.  A  cavern,  out  of 
which  water  sometiines  issues,  near  another  estate,  is  speedily  en- 
gulfed in  a  caye  not  far  distant.  In  coni^equence  of  this  escape 
of  the  waters,  a  gorge  is  not  formed  by  means  of  a  discharging 
iiyer  flowing  over  the  lowest  lip  of  the  high  land,  as  appears  to 
have  liappened  in  the  case  of  St  Thomas  in  the  Vale,  which  ad- 
joins Luidas  Yale. 

It  is  stated,  ''  that  a  velocity  of  three  inches  per  second  at  the 
bottom  will  just  begin  to  work  upon  fine  clay  fit  for  pottery,  and 
however  firm  and  compact  it  may  be,  it  will  tear  it  up ;  yet  no 
beds  are  more  stable  than  clay  when  the  velocities  do  not  exceed 
this;  for  the  water  soon  takes  away  the  impalpable  particles  of 
the  superficial  clay,  leaving  the  particles  of  sand  sticking  by  their 
lower  naif  in  the  rest  of  the  clay,  which  they  now  protect,  making 
a  very  permanent  bottom,  if  the  stream  does  not  brmg  down  gravel 
or  coarse  sand,  which  will  rub  off  this  very  thin  crust,  and  allow 
another  layer  to  be  worn  off.  A  velocity  of  six  inches  will  lift  fine 
sand;  eight  inches  will  lift  sand  as  coarse  as  linseed;  twelve  inches 
will  sweep  away  fine  gravel ;  twenty-four  inches  will  roll  along 
nmnded  pebbles  an  inch  in  diameter ;  and  it  requires  three  feet 
per  second  at  the  bottom  to  sweep  along  shivery  angular  stones  of 
the  size  of  an  egg*." 

The  destructive  power  of  rivers  on  solid  rocks  appears  to  act 
both  chemically  and  mechanicallv.  Chemically,  by  the  afiinity  of 
water  and  of  the  air  which  it  holds  in  solution  for  the  various  sub- 
stances it  encounters;  and  mechanically,  by  the  friction  of  the  de- 
tritus, independent  of  that  of  the  water,  upon  the  bottom  and  sides, 
but  principally  on  the  former.  They  may  nave  thus  effected  a  pas- 
sage lihrough  the  lake  barriers  previously  noticed,  and  by  these 
veans  they  destroy  the  obstacles  opposed  to  their  courses.  When  a 
Wnky'a  small  hill,  or  the  foot  of  a  mountain,  opposes  their  progress, 
Ihey  assail  it,  and  form  cliffs,  the  materials  of  which,  if  soft,  fall  into 
the  stream,  or  make  under  cliffs,  which  are  removed,  and  the  work 
of  destruction  is  slowly  continued  (Fig.  11.  a.) ;  or  when  the  cliff, 

Fig.  11. 


thus  formed,  is  of  harder  materials,  blocks  are  accumulated  in  a 
talus  at  its  base,  and  the  cliff  is  secured,  in  a  great  measure,  firom 

*  Encyclopaedia  Britannica,  art  BJww, 
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attack,  until  this  protecting  mass  is  removed  (Fig.  \l,h).  There 
is  scarcely  a  river  of  any  considerable  length  which  does  not  afford 
examples  of  cliffs  thus  produced ;  very  frequently  they  overhang 
flat  or  gently  sloping  land,  on  which  the  river  has  flowed  while 
employed  in  cutting  the  cliff.  It  is  not  a  little  curious  to  trace,  in 
countries  where  rivers  wind  considerably,  the  various  obstacles 
which  have  determined  the  course  of  the  stream,  causing  it  to  at- 
tack the  original  more  or  less  rounded  forms  of  the  bases  of  mode- 
rately elevated  hills. 

Rivers  appear  to  be  constantly  striving  to  arrange  their  beds 
in  such  a  manner  that  they  should  suffer  the  least  resistance  in 
their  courses,  cutting  down  obstacles  and  filling  up  depressions 
which  checked  them.  But  the  constant  addition  of  new  detritus 
from  the  neighbouring  highlands  embarrasses  this  operation,  caus- 
ing accumulations  in  one  situation  which  direct  the  waters  in  an- 
other. Thus  the  fall  of  a  considerable  quantity  of  rocks  on  one 
side  will  throw  the  stream  upon  the  opposite  bank,  which  might 
previously  have  been  little  attacked.  This  again  forces  the  cur- 
rent in  a  direc^on  that  it  did  not  previously  follow ;  the  bottom 
becomes  torn  up  by  the  niew  line  of  the  principal  stream,  and  the 
effect  of  such  a  fall  is  felt  far  down  the  course  of  the  river.  In 
consequence  of  this  endeavour  to  avoid  a  new  obstacle,  continual 
changes  in  a  river's  bed  take  place,  as  also  from  the  destruction  of 
an  old  obstacle,  which  permits  a  new  course  in  a  direction  that  the 
river  has  been  striving  to  follow. 

D'Aubuisson  observed  two  rocks  at  the  Falls  of  the  Rhine,  near 
Schafhausen,  isolated  at  the  head  of  the  precipice  over  Which  the 
waters  leap ;  these  were  observed  corroded  at  their  bases  by  the 
action  of  the  pent-up  current  between  them.  By  gradually  dimi- 
nishing their  support,  the  rocks  would  finally  be  forced  over  the 
cataract,  and  the  waters,  having  overcome  this  obstacle,  would  fall 
in  a  different  manner  on  the  bottom  beneath,  producing  a  difierent 
effect  from  that  which  they  had  previously  caused. 

As  all  rivers  must  vary  in  their  cutting  power,  according  to  ve- 
locity, volume  of  water,  and  amount  and  quality  of  detritus  in  the 
act  of  transport,  it  becomes  exceedingly  difficult  to  generalize  on 
the  subject ;  but  as  barriers  of  even  the  hardest  rocks  have  suf- 
fered, and  as  the  destructive  power  of  the  same  rivers  on  the  same 
obstacles  is  so  exceedingly  small  as  to  be  scarcely  perceptible  du- 
ring the  life  of  man,  it  seems  fair  to  infer  that  this  also  tends  to 
confirm  the  opinion  of  the  great  age  of  the  present  general  state 
of  the  world. 

Mr.  Lyell  indeed  produces,  as  an  example  of  the  comparatively 
quick  cutting  power  of  a  river,  a  gorge  in  a  lava-current  at  the 
root  of  £tna,  formed  by  the  erosion  of  the  Simeto.  The  lava  is 
considered  modem,  andGamellarois  cited  as  supposing  it  thrown 
out  in  1603.  The  lava  is  described  as  not  porous  or  scoriaceous, 
Jbut  as  a  compoQt  homogeneous  rock,  lighter  than  common  basalt, 
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and  containing  crystals  of  olivine  and  glassy  felspar.  Though 
there  are  two  waterfalls,  each  ahout  six  feet,  the  general  fall  of 
the  river's  bed  is  stated  as  not  considerable.  The  gorge  is  cut 
in  some  places  to  the  depth  of  forty  or  fifty  feet,  and  its  breadth 
varies  from  fifly  to  several  himdred  feet*.  It  is  therefore  inferred 
that  this  is  a  good  example  of  the  speedy  formation  of  gorges  by 
nmning  water;  and  this  inference  cannot  be  denied,  if  the  date  of 
the  lava-current  be  correctly  ascertained.  It  may  be  remarked  that 
the  present  &11  in  the  bed  of  the  Simeto  does  not  give  that  of  the 
river  during  the  great  cutting  operation.  It  must  once  have  oc- 
eapied  a  different  level,  or  else  the  gorge  could  not  have  been 
commenced;  and  there  must  always  have  been  a  rapid  fall,  or,  in 
other  words,  a  cascade  into  the  low  land  off  the  lava,  equal  to  tlie 
height  of  the  lava-current;  the  waters  being  raised  to  the  top  of 
the  lava,  at  this  place,  by  the  formation  of  a  lake  behind,  pro- 
duced by  the  bar  of  lava.  It  would  therefore  follow,  that  the  gorge 
in  die  lavarcurrent  has  been  principally  formed  by  the  cutting 
back  of  rapids  or  a  cataract  Though  this  circumstance  would  faci- 
litate the  process  of  destruction,  and  render  it  less  remarkable 
than  if  tne  Simeto,  with  its  present  fall,  had  cut  the  gorge,  it  yet 
leaves  this  a  good  example  of  a  ravine  formed  in  hard  rock  during 
the  course  of  two  centuries,  it  being  always  understood  that  no 
donbt  exists  of  the  period  when  the  lava-current  was  ejected,  and 
eressed  the  previously  existing  valley. 

The  dates  obtained  by  the  well-known  examples  of  the  Auvergne 
rivers  are  only  relative;  but  they  are  sufficient  to  show  that  a 
valley  existed,  through  which  a  nver  kept  its  course,  conveying 
detritus  in  the  usual  way,  and  that  the  progress  of  the  river  was 
barred  by  a  lava-current  (as  in  the  instance  just  cited),  which 
descending  from  a  neighbouring  volcano  traversed  the  valley, 
and  formed  a  lake.  This  lake,  when  full,  discharged  itself  over 
the  lower  lip  of  its  basin,  which  happened  to  be  in  the  direction 
of  the  valley,  and  over  the  lava-current.  This,  by  erosion,  is  cut 
down,  not  only  to  its  original  bed,  but  through  it  into  the  rock 
which  constituted  the  bottom  of  the  original  valley. 

Notwithstanding  appearances,  there  are  numerous  gorges  or 
ravines  through  which  rivers  flow,  which  could  not  have  been  cut 
oat  by  them,  at  least  during  the  existence  of  the  present  general 
disposition  of  land ;  for  the  relative  levels  are  such,  that  the  rivers 
must  be  supposed  to  have  run  over  land  of  much  greater  eleva- 
tion towards  their  embouchures  than  they  flowed  over  from  their 
sources;  in  other  words,  such  rivers  must  be  supposed  to  have  run 
up  bin,  if  they  be  considered  the  agents  which  nave  formed  these 
gorges.  As  a  striking  example  of  tms  fact,  we  may  cite  the  course 
of  2ie  Meuse  previous  to,  and  during  its  traverse  through  the 

*  Princijdes  of  Oeology. 
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Ardennes.  M.  Boblaye  informs  us,  that  previous  to  it)9  passage 
through  these  mountains,  the  Meuse  is  only  separated  from  the 
great  basin  of  the  Seine  by  hills  or  low  coUj  not  more  than  thirty 
or  forty  yards  above  the  present  bed  of  the  river;  while  the  Ar- 
dennes, through  which  it  actually  passes,  rise  to  the  height  of  se- 
veral hundred  feet  above  the  same  level.  Now  if  all  rivers  had 
really  cut  the  beds  or  valleys  through  which  they  actually  flow,  the 
Meuse  must  have  run  up  hill,  and  have  cut  a  narrow  cliaimd 
about  three  hundred  yards  deep ;  while  nothing  prevented  its  flow- 
ing in  the  opposite  direction  into  the  Paris  bi^n,  when  it  had  ef- 
fected a  rise  of  not  much  more  than  a  tenth  part  of  that  height*. 

At  Clifton,  near  Bristol,  we  have  also  a  striking  example  of  the 
same  fact.  The  Avon  here  runs  through  a  gorge  or  ravine,  which 
if  closed  would  form  a  lake  behind  it;  but  this  lake  would  exert 
no  action  on  the  range  of  hill  through  which  the  present  cbanndi 
passes;  on  the  contrary,  the  lowest  lip  of  the  basin,  and  conse^ 
quently  the  drainage,  would  be  found  m  the  direction  of  Naikea, 
to  the  sea  beyond  which  the  Avon  would  continue  its  eomse 
from  Bristol.  The  real  rise  of  land  between  high  water  at  Bristol 
and  the  sea  beyond  Nailsea  is  trifling,  and  is  bounded  on  the  north 
by  the  high  ridge  through  which  the  Avon  now  finds  its  passage 
to  the  Severn. 

Other  examples  might  easily  be  cited,  but  these  are  sufficient 
to  point  out  the  fact.  There  are  many  gorges  through  which 
rivers  pass,  the  formation  of  which  remains  questionable  from  our 
ignorance  of  the  relative  levels  in  their  vicinity,  and  thus  it  be- 
comes difficult  to  assign  them  any  particular  origin.  They  may 
be  either  due  to  the  same  causes  which  have  produced  the  ravines 
of  the  Meuse  in  the  Ardennes,  and  of  the  Avon  near  Bristol,  or 
to  the  cutting  power  of  rivers  discharging  the  surplus  waters  of 
lakes.  Under  this  head  may  be  enumerated  the  celebrated  Vale 
of  Tempe,  in  Thessaly;  the  tortuous  course  of  the  Wye,  between 
Monmouth  and  Chepstow;  the  famous  Rheingau;  the  ravine  by 
which  the  Potomack  traverses  the  Blue  Mountains  in  the  United 
States;  the  Gates  of  Iron,  through  which  the  Danube  escapes  into 
Wallachia,  &c. 

The  Falls  of  Niagara  may  be  adduced  as  an  example  of  a  river 
discharging  the  surplus  waters  of  a  lake,  and  now  cutting  back  a 
gorge  to  that  lake,  which  may  eventually  be  drained  by  it.  This 
celebrated  cascade  is  situated  between  the  lakes  Ontario  and  £rie. 
For  some  distance  above  the  embouchure  of  the  river  into  the 
£)rmer,  the  country  is  flat,  and  apparently  alluvial,  when  suddenly 
a  plateau  rises  above  it  and  continues  to  lake  £rie.  Over  this 
plateau  the  surplus  waters  of  the  latter  lake  have  taken  their  coarse, 
and  appear  to  nave  originally  Mien  over  the  face  of  the  plateau 

*  Boblaye,  Ann.  des  Sci.  Nat  1. 17,  p.  37. 
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glake  Ontario.  By  derreeithef  have  cut  iMck  their  putage 
■even  miles,  leavinf  about  eigbteen  more  to  be  vom  away 
ire  ages.  When  thie  ahall  tiave  been  accomplished,  the 
DT  rBTine  vill  be  similar  to  those  previously  nodced.  The 
T  in  which  the  river  cuts  its  passage  is  singular,  and  perhaps 
hat  different  from  what,  ut  first  sight,  might  have  been  ex- 
.  It  will  be  best  explained  by  the  fdlowmg  diagram, 
original  level  of  the  pla^ 

a  h,  river  flowing  over 
atetui,  and  fnUing  over 
:  abye*  c,  fotming  the 
e  k  e,  alter  which  the 
;  take  their  course  in  the 
joa  eg.  d,  beds  i^ lime- 
resting  on  beds  of  shale 
1  being  tunnounted,  in 
ighbouring  flat  country, 
mass  of  tranqxirted  substances,  Tatjing  from  ten  to  one 
ed  and  forty  feet  in  dep^i,  and  contaming  large  blocks, 
ush  of  waters  from  A  to  c  occasions  violent  gusts  of  wind, 
A  with  water,  to  be  driven  against  the  shale  e  at  /.  The 
ued  action  of  these  water-charged  whirlwinds  displaces  the 

and  throws  it  down  in  a  talos  at  Jt.  From  the  removal  of 
ule,  the  superincumhent  limestone  loses  its  support,  folb 
he  combined  gravity  of  itself  and  the  water  above,  is  dashed 
le  abyss  beneath,  and  thus  the  falls  are  cut  back  so  ra^dly 
hey  have  considerably  receded  within  the  memory  of  man. 
lame  operations  are  again  renewed,  and  again  the  same  re- 
foUow.  So  that  unless  some  extraordinary  circumstance 
I  anest  their  reffeat,  these  falls  will  discharge  the  waters  of 
irie;  but  not  suddenly,  as  is  sometimes  supposed,  so  as  to 
ce  a  violent  deluge  over  the  lower  country  further  down  the 
hut  much  more  gradually;  for  the  lake  waters  will  onlv  be 
ed  in  proportion  to  the  depth  of  the  draining  channel  as 
je  illostrated  by  the  annexed  wood-cut,  in  which  a  6  repie- 

^3  gig-  13- gc. 
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the  level  of  the  lake  and  of  the  plateau,  rising  but  little 
1  it  he,  the  slope  (exaggerated)  of  the  lake  bed  flrom  h, 
Mt  where  the  surplus  waters  are  delivered  over  the  platean. 
:be  level  of  the  nver  below  the  falls.  Sunpoaing^^lo  re- 
nt Ae  &Us  which  have  approached  the  lake  by  gradually 
ig  back  the  channel  from//'  to;^,  it  will  a^est  theXwe 
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s^e  kind  of  retreat  may  be  effected  to  A  A'  without  discharging 
more  water  than  now  passes  down  the  river.  But  the  falls  being 
once  at  h  h\  the  retreat  of  every  succeeding  yard  will  occasion 
more  water  to  pass  over  them,  by  drainin?  the  waters  of  the  lake 
down  to  the  point  which  now  becomes  its  lowest  lip;  so  that  when 
the  falls  have  cut  their  way  back  to  1 1',  the  surface  of  the  lake  will 
sink  to  the  horizontal  line  i  c,  and  the  mass  of  water  above  the  new 
level  will  have  passed  over  the  falls  in  addition  to  the  usual  drain- 
age. Such  an  addition  must  add  greatly  to  the  velocity  and  cut- 
ting power  of  the  falls,  which  will  now  retreat  more  rapidly  and 
effect  their  passage  to  k  k\  reducing  the  level  to  A:  J  in  less  time 
than  it  reduced  it  from  ah  to  ic.  After  a  certain  time  the  water 
forced  over  the  falls  would  become  less,  because  the  superficies  of 
the  lake  would  be  diminished.  It  would  therefore  appear  that 
the  increased  power  of  the  falls,  caused  by  the  additional  waters, 
would  decrease  gradually,  untU,  finally,  there  should  not  be  more 
than  the  waters  of  the  river  traversing  the  ancient  bed  of  the 
lake. 

The  waters  of  a  lake  with  a  rocky  barrier  can  only  be  suddenly 
let  out,  and  produce  a  debacle,  when  the  hard  barrier  separating 
it  from  the  land  at  a  lower  level  presents  a  perpendicular  face  to 
the  whole  depth  of  the  lake,  which,  even  then,  must  be  suddenly 
thrown  down,  in  its  whole  height,  to  produce  the  effect  required. 
Such  rocky  barriers  must  be  exceedingly  rare;  and  it  must  be 
still  more  rare,  that  where  they  eiusted  they  were  not  cut  down, 
to  a  certain  extent,  by  degrees.  The  common  character  of  lakes, 
as  respects  the  inclination  from  their  bottoms  to  the  discharging 
outlet,  varies  materially,  but  in  general  the  slope  is  very  gradual 
particularly  in  lakes  of  considerable  magnitude. 

The  often  cited  debacle  caused  by  the  bursting  of  a  lake  in  the 
Val  de  Bagnes  was  produced  from  a  very  different  state  of  things 
from  that  attending  the  dramage  of  a  lake  existing  in  a  depression 
of  land,  with  a  rocky  bamer. 

The  Val  de  Bagnes,  in  the  Vallais,  is  drained  by  the  Dranse, 
which,  when  unobstructed,  is  joined  by  the  waters  from  the  val- 
ley of  Entremont,  leading  to  the  grand  St.  Bernard,  and  runs 
into  the  great  valley  of  the  Rhone,  near  Martigny.  In  a  part 
of  the  valley  near  the  bridge  of  Mauvoisin,  the  channel  is  preci- 
pitous and  much  contracted.  Mont  Pleureur  and  Mont  Getroz  rise 
near  this  spot  on  the  north,  and  Mont  Mauvoisin  on  the  south. 
Between  the  two  former  there  is  a  ravine  communicating  with 
the  Val  de  Bagnes,  having  a  considerable  glacier  at  its  upper  ex- 
tremity. Through  this  ravine  blocks  of  ice  and  avalanches  of 
snow  aescend  into  the  Val  de  Bagnes,  and  more  or  less  obstruct 
the  channel  of  the  Dranse,  which  is  able,  under  ordinary  circiun- 
stances,  to  remove  the  greater  part,  if  not  the  whole,  of  such  ob- 
structions. When  however  the  blocks  of  ice  are  numerous,  and  the 
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anJanches  are  heavy,  tlie  force  of  the  torrent  is  unahle  to  contend 
whh  them,  and  they  accumulate.  "  For  several  years  previous 
to  1818,"  says  M.  Escher  de  la  Linth,  "the  process  of  the 
Dranae  had  l>egun  to  be  obstructed  by  the  blocks  of  ice  and  ava- 
lanches of  snow  that  descended  from  the  glacier  of  Getroz ;  and  as 
soon  as  this  accumulation  was  able  to  resist  the  heats  of  summer, 
it  acquired  new  magnitude  during  every  succeeding  winter,  till  it 
became  an  homogeneous  mass  of  ice  of  a  conical  form.  The  waters 
of  the  Dranse,  however,  still  found  their  way  beneath  the  icy  cone 
tin  the  month  of  April,  when  they  were  observed  to  have  been 
dammed  up,  and  to  have  formed  a  Idee  about  half  a  league  in 
length  *. 

The  danger  that  threatened  now  became  apparent,  and  accord- 
ingly the  gradual  drainage  of  the  lake  was  attempted  by  means  of 
a  gallery  uirough  the  ice.  This  reduced  its  contents  from  about 
800,000,000  cubic  feet  to  530,000,000  cubic  feet.  Finally,  the 
discharging  waters  attacked  the  debris  at  the  foot  of  Mauvoisin, 
and  excavating  a  passage  between  the  rocks  and  the  ice,  rushed 
fiiriouslj  out,  carrying  houses,  trees,  large  blocks  of  rock,  &c. 
befinre  it.  Escaping  from  the  narrow  valley  it  desolated  a  large 
portion  of  Martigny  f ,  and  passed  with  gradually  diminished  ve- 
locity down  the  Rhone  into  the  lake  of  Geneva.  As  might  be 
expected,  the  velocity  of  the  torrent  varied  materially  in  dffierent 
parts  of  its  course.  M.  Escher  de  la  Linth  calculates  that  from 
the  glacier  to  Le  Chable,  a  distance  of  70,000  feet,  the  velocity 
was  33  feet  per  second;  from  Le  Chable  to  Martigny,  60,000  feet, 
at  the  rate  of  18  feet;  from  Martigny  to  St.  Maurice,  30,000  feet, 
at  11|;  and  from  St  Maurice  to  the  lake  of  Geneva,  80,000  feet, 
with  a  diminished  velocity  of  6  feet  per  second  t*  The  lake  was 
drained  in  half  an  hour. 

As  has  been  noticed  by  Mr.  Yates  §,  lakes 'are  produced  in 
mountunous  countries  by  the  fall  of  rocky  masses  across  narrow 
▼alleys,  the  waters  being  thus  arrested  in  their  progress  down 
auch  valleys.  Mr.  Yates  cites  the  Oschenen-see  in  the  canton  of 
Benie,  as  a  good  example  of  lakes  thus  formed  t;  and  M.  de  Gas- 
parin  mentions  a  recent  example  (November,  1829)  of  the  for- 
mation of  such  a  lake,  in  the  department  of  the  Drome,  by  the  fall 
of  a  mountain  mass  across  the  nver  Oule  near  Lamothe  Cbalancon. 
The  lake  produced  in  the  latter  case  was  500  or  OOO^yards  long, 

•  Edin.  Phil.  Joum.  vol.  i.  p.  188. 

f  Among  the  debris  transported  to  Martigny  were  many  trees,  resting 
upright  on  their  roots,  the  attached  gravel  and  soil  having  kept  them  in 
a  posidon  with  the  branches  upwards. 

t  Edin.  PhiL  Joum.  vol.  L  p.  191. 

I  Yatet,  Remarks  on  Alluvial  Deposits,  Edin.  New  Phil.  Journal, 
Ivly,  1831. 

D5 


58  Degradatitm  of  Land*. 

60  broad,  and  3  or  4  yards  deep*.  It  will  be  obmut  tiiat  tlie 
possibility  of  the  sudden  discha^  of  waters,  thus  peat  up,  wilt 
depend  upon  the  nature  of  the  materials  composing  the  iaxk  or 
barrier:  if  these  be  of  such  a  form,  quality,  and  magnitude,  that 
the  body  of  water  is  unable  to  overcome  their  resistance,  aad 
that  they  do  not  eive  way  before  the  cuttin?  power  oi  the  sarplos 
waters  Lchaigel  over  the  lower  lip  of  the  <Ln,  the  barrierViO 
remain,  and  be  clothed  with  wood  and  other  vegetation,  as  that 
of  the  dschenen-see  now  is.  Should,  however,  the  dam  be  composed 
of  soft  materials,  which  miffht  either  suddenly  sive  way  before  the 
force  of  the  pe^t-up  wot^,  or  be  rapidly  cut  down  Whei^.a  dk- 
charge  of  the  surplus  water  took  place,  a  debacle  somewhat  ana- 
logous to  that  of  the  Val  de  Bagnes  might  be  produced,  the  effects 
of  which  would  depend  upon  the  body  of  waters  let  out,  the  sudd^^-* 
aess  with  which  this  was  accomplished,  and  other  obvious  circum- 
stances f . 

Lakes  may  be  suddenly  drained,  if  but  a  thin  perpendicidar 
partition  divides  them  from  an  inferior  level;  for  this  barrier  nwy 
be  rendered  soft  by  the  percolation  of  water,  and  suddenly  give 
way;  but  such  cases  must  be  of  very  rare  occurrence;  .and  tibe 
lakes  are  not  likely  to  be  of  such  magnitude  as  to  cause  aqppear- 
ances,  by  their  sudden  discharge,  that  may  be  equal  to  those  .pro- 
ducible by  the  passage  of  a  more  general  mass  of  waters  over 
land. 

Mr.  Strangways  notices  the  bursting,  or  sudden  considerable 
drainage,  of  the  li^e  Souvando,  on  the  north  of  St.  Petersburg. 
Previous  to  1818  this  lake  was  separated  from  that  of  Ladoga 
by  the  little  isthmus  of  Taipala.  The  lake  discharged  its  waters 
into  the  Voxa  at  Keognemy,  and  so  passed  into  £e  Ladoga  oft 
Kexholm.  In  the  spring  of  1818,  tne  water  broke  down  the 
isthmus  and  changed  the  direction  of  the  discharging  waters,  by 

J>resenting  a  lower  lip  in  another  direction.    The  water  has  been 
owered  considerably,  and  continues  to  run  through  its  new  chan- 
nel into  the  lake  of  Ladoga,  having  deserted  the  Voxa^. 

The  same  author  describes  the  falls  or  rapids  of  Imatra,-  about 
six  wersts  below  the  point  where  the  surplus  waters  of  the  lake 
Saima  first  drain  off  by  the  Voxa.    This  river  suddenly  contracts 

*  De  Gasparin,  Ann.  des  Sci.  Nat,  Avril  1830. 

i*  The  same  observations  apply  to  those  cases  also  noticed  by  Mr. 
Yates,  in  the  memoir  above  cited,  where  from  various  circumstances  a 
torrent  may  bring  with  it  from  a  transverse  or  tributary  valley  such  a 
mass  of  detritus  into  the  main  valley,  as  to  arrest  the  progress  of  water 
flowing  down  it  In  these  cases,  however,  the  barrier,  from  the  nature 
of  things,  is  not  likely  to  be  permanent,  but,  on  the  contrary,  to  be  re- 
moveable  with  greater  or  less  rigidity  by  the  main  river  or  torrent 

X  Strangways,  GeoL  Trans.  First  Series,  voL  v.  p.  344. 
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ftielf  Mbore  tihe  rapidf,  over  which  it  runs,  with  great  noise  and 
impetueai^,  throngh  a  gorge  that  it  has  evidently  cut  for  itself. 
According  to  Mr.  Strangways,  we  may  consider  the  water  to 
have  originally  passed  over  a  platform  between  two  ranges  of 
kills,  forming  the  bottom  of  a  valley.  The  platform  is  composed 
of  gneissy  in  very  highly  inclined  strata;  and  into  this  the  river 
Itts  cut  a  channel.  ''  The  surface  of  this  platform  is  apparently 
Mw  about  fifir  feet  above  the  level  of  the  water,  at  the  lower 
tttremity  of  the  rapids.  Its  surface  is  in  many  parts  quite  bare 
Slid  deejdy  channelled  in  a  direction  parallel  to  the  river.  It  is 
covered  with  heaps  of  pebbles  and  boulders  of  great  size,  some 
of  which  are  hollowed  and  scooped  into  the  most  fanciful  shapes. 
One  of  the  largest  of  the  blocks  now  left  dry,  standing  nearly  in 
the  middle  of  the  elevated  platform,  is  worn  through  perpendicu- 
larly with  a  cylindrical  hole*."  It  is  stated  that  die  level  of  the 
lake  Saima  and  its  discharging  river  fall  gradually. 

Freshets, — ^These  take  place,  more  or  less,  in  aU  rivers,  greatly 
angmenting  their  velocities  and  transporting  power,  carr^-ing  for- 
ward snbstances  that  could  not  have  been  moved  under  ordinary 
circamstances.  They  are  also  important,  as  they  surprise  terres- 
trial animals  in  low  situations,  hurry  them  on  witn  trees  and 
other  matters  into  the  sea,  where  they  may  be  entombed  entire 
with  estuanr  and  marine  animals  in  mud  and  silt 

It  has  been  observed  that,  during  freshets,  a  river  tends 
duefly  to  widen  its  bed,  ''without  greatly  deepeninff  it:  for  the 
aquatic  plants,  which  have  been  growing  and  thriving  during 
toe  peaceable  state  of  the  river,  are  now  laid  along,  but  not 
twept  away,  by  the  freshes,  and  protect  the  bottom  from  their 
attacks;  and  the  stones  and  gravel,  which  must  have  been  left 
ImA  in  a  course  of  years,  worling  on  the  soil,  will  also  collect  in 
the  bottom,  and  greatly  augment  its  power  of  resistance  f." 
During  these  freshes,  low  lands  on  the  sides  of  the  river  are  fre- 
quently under  water,  and  a  deposit  takes  place;  but  notwithstand- 
mg  aU  checks,  a  laige  quantity  of  detritus  passes  onwards  to  the 


We  should  be  careful,  in  our  estimates  of  the  effects  of  a  flood 
in  a  cultivated  country,  not  only  to  separate  the  loss  of  Uves  and 
the  destruction  of  property,  wmch  may  affect  the  feelings,  from 
the  real  phjrsical  change  produced  in  the  country;  but  also  to 
remember,  that  the  works  of  man  greatly  aid  the  destructive 
power  of  a  flood.  Instead  of  a  bo^  of  water  rushing  into  a 
plain,  where  from  its  difiusion  over  a  more  considerable  space  its 
Telocity  and  transporting  power  are  both  diminished,  all  cross 
hed^  and  bridges,  though  they  may  check  the  waters  for  the  mo- 

*  Strangways,  Geol.  Trans.  First  Series,  voL  v.  p.  341. 
t  Encyc.  Brit,  art  Bmr. 
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ment,  are  the  means  of  producing  innumerable  debacles,  ^beft 
they  dive  way  before  the  pressure  exerted  upon  them.  Suppoee 
a  bridge  arrests  the  progress  of  the  flood  downwards,  an^  ae 
very  frequently  happens  on  small  plains,  a  causewav  connects 
the  bridge  with  the  hills  on  either  side,  the  waters  will  accumur 
late,  and  will  finally  burst  through  the  least  resisting  part  of  the 
barrier,  which  will  most  probably  be  the  bridge.  Having  ones 
found  a  vent,  the  pent-up  waters  will  issue  forth  with  a  velocity 
proportioned  to  the  difference  of  the  level  and  the  mass  of  water, 
and  a  debacle  will  be  produced,  whose  transporting  power  will  be 
much  greater  than  that  of  the  general  force  of  the  flood  if  no 
such  barrier  had  existed.  It  must  also  be  recollected,  that  man, 
by  his  contrivances  of  ditches  and  drains,  prevents  the  rain-water 
from  remaining  the  time  that  it  would  otherwise  do  on  the  slopes 
of  hills,  conducting  it  as  he  does  by  numerous  free  channels  into 
the  valleys  below;  so  that,  in  a  given  time,  a  much  greater  body 
of  water  is  collected  than  could  happen  in  an  uncultivated  coon- 
try.  He  moreover,  by  dams  and  banks,  often  confines  a  body  of 
river  water  within  narrower  channels  than  it  would  naiuraUy 
take;  and  thus  its  dispersion  over  a  larger  surface  being  pre- 
vented during  a  freshet,  its  ordinary  velocity  is  greatly  increased, 
and  with  this  its  transporting  power. 

Glaciers, — These  are  large  bodies  of  ice  or  indurated  snow, 
formed  upon  land  in  the  cold  regions  of  the  atmosphere,  which 
descend  into  the  valleys  of  mountainous  countries;  thus  fre- 
quently presenting  the  singular  appearance  of  desolation  amid 
fertility,  of  ice  amid  vegetation.  The  levels  to  which  glaciers 
descend  depend  greatly  on  the  latitude  of  the  place.  Thus,  in 
the  arctic  regions,  where  the  line  of  perpetual  snow  approaches 
very  nearly  to  the  level  of  the  sea,  glaciers  are  producea  in  l^wer 
hills  than  could  be  the  case  in  the  Alps,  where  the  line  of  per- 
petual congelation  is  much  more  elevated.  So  af  ain  in  the  Hima- 
laya range  the  Une  of  perpetual  congelation  beinghigher  than  in  the 
Alps,  the  glaciers  form  at  higher  levels.  Glaciers  are  instruments 
of  the  degradation  of  land,  inasmuch  as  they  drive  before  them  and 
transport  such  substances  as  they  may  have  the  power  to  move.  In 
front  of  glaciers  there  is  usually  a  pile  of  rubbish  composed  of  pieces 
of  rock,  earth,  and  trees,  which  they  have  forced  forward,  known  in 
Switzerland  by  the  name  of  moraine.  If  there  be  a  Une  of  mo- 
raine some  distance  from  the  front  of  the  glacier,  it  is  considered 
that  the  elacier  has  retreated  to  the  amount  of  that  distance;  but 
if  there  be  no  other  than  that  which  the  glacier  immediately 
drives  before  it,  it  is  considered  to  be  on  the  increase.  Glaciers 
assist  the  degradation  of  land  by  transporting  blocks,  often  of 
very  large  dimensions,  into  lower  regions  tnan  they  could  otherwise 
attain  in  so  short  a  time.  Many  glaciers^  particularlv  where  they 
pass  beneath  precipices,  are  charged  with  fallen  rubbish,  whicl!^ 
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IS  the  ice  constantly  advances,  are  carried  on  with  it;  and  should 
t  precipice  occur  in  the  front  of  the  moving  mass,  they  are  hurled 
over  with  it  into  the  ravines  beneath.  Such  falls  are  common  in 
tbe  hieh  regions  of  the  Alps,  producing,  with  the  rents  suddenly 
formed  in  the  elacier  itself,  the  few  interruptions  to  the  dead 
alence  which  reigns  in  those  lofty  and  wild  regions.  The  velocity 
vith  which  a  glacier  advances  depends  on  the  angle  that  it  makes 
lith  the  horizon,  of  course  increasing  with  the  steepness  of  the 
dedivi^. 

A  laader,  left  by  M.  de  Saussure  at  the  upper  end  of  a  glacier, 
when  he  first  visited  the  Col  du  G6ant,  has  lately  been  discovered 
in  the  Mer  de  Glace,  the  continuation  of  the  same  glacier,  and 
nearly  opposite  the  aiguille  named  Le  Moine.  It  must  therefore 
have  advanced  about  three  leagues  since  the  year  1787*.  From 
flome  experiments  by  Chamonix  guides,  mentioned  by  Capt.  Sher- 
wiU,  we  learn  that  this  rapid  progress  ceases,  as  might  have  been 
expected,  where  the  declivity  becomes  less  in  the  Mer  de  Glace 
iti^;  for  it  was  there  found  that  a  block  of  rock  advanced  about 
two  hundred  yards  in  a  twelvemonth  f .  No  better  proofs  could 
be  afforded  of  the  advance  of  a  glacier,  the  amount  of  which  cor- 
responds with  the  declivity.  It  hence  appears  to  follow,  that  as 
the  declivity  remains  nearly  the  same  for  a  long  period,  tlie  ad- 
vance or  retreat  of  the  lower  part  of  a  glacier  will  corre^ond 
with  the  local  variations  in  climate,  which  shall  produce  more  or 
lets  ice  in  the  higher,  or  destroy  more  or  less  of  tne  glacier  in  the 
lower  regions. 

Almost  all  glacier  waters  are  charged  with  detritus,  the  larger 
pcntions  of  which  are  deposited  near  the  ice,  but  the  lighter  par- 
ticles are  transported  to  considerable  distances ;  as  is,  for  example, 
the  case  with  the  Arve,  which  having  deposited  its  heavier  bur- 
den in  the  valley  of  Chamonix,  carries  the  lighter  parts  to  its 
junction  with  the  Rhone,  near  Geneva.  Not  unfirequently  the 
turbid  glacier  waters  are  carried  on,  and  deposit  the  detritus  in 
some  lake,  as  is  the  case  with  the  Rhone,  which  transports  silt, 
mod,  and  occasionally  pebbles,  into  the  lake  of  Geneva.  The 
grinding  of  the  glacier  against  the  bottom  over  which  it  passes, 
may  perhaps  mechanically  assist  in  the  work  of  destruction. 

In  the  northern  regions  glaciers  have  sometimes  such  a  short 
distance  to  pass  over  oefore  they  reach  the  sea,  that  they  project 
into  it,  as  has  been  observed  by  northern  navigators.  The  mass 
10  forced  into  the  sea  will  have  a  constant  tendency  to  float,  from 
its  inferior  specific  gravity,  and  therefore  when  detached  by  any 
force  from  the  glacier  behind,  it  will  be  carried  away; — thus, 
forming  those  icebergs,  so  well  known  and  so  dangerous,  in  the 
Northern  Atlantic  Ocean. 

•  PhiL  Biag.  and  Ann.  of  Philosophy,  Jan.  1831.  \  Ibid. 
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Delivery  of  Detritus  into  the  Sea, 

We  have  seen  above,  that  from  the  action  of  the  atmosphere,  tl 
melting  of  snows  and  glaciers,  landslips,  and  the  cutting  p.ower  < 
rivers,  considerable  destruction  of  dry  land  is  effected.  Loci 
circumstances  arrest  a  considerable  portion  of  this  detritus;  lake 
are  filled  up,  and  again  cut  through;  low  lands  are  occasionall 
flooded,  and  considerable  deposits  left  upon  them;  the  velocity  < 
the  streams  diminishes,  and  with  it  the  power  of  transport ;  so  tha 
as  previously  observed,  rivers  when  short  and  rapid  may  cany 
large  portion  of  their  detritus  forward,  while,  when  long,  the 
leave  a  considerable  part  of  it  in  their  courses.  In  favouraU 
situations,  such  as  in  plains,  they  will  raise  their  beds,  if  confine 
within  bounds,  that  do  not  either  permit  a  change  of  course,  c 
A  deposit  in  a  new  channel.  This  fact  is  well  observed  in  Italj 
where  many  plains  have  been  under  cultivation  for  a  long  pence 
during  which  it  was  always  necessary  to  restrain  the  rivers  withx 
artificial  banks,  to  prevent  their  range  over  the  cultivated  lane 
which  would  otherwise  have  been  devastated  by  them ;  so  thai 
in  travelling  in  that  country,  the  road  frequently  passes  up  hil 
over  high  artificial  ridffes,  upon  which  the  rivers  hold  thd 
course  at  a  higher  level  than  that  of  the  surrounding  countr} 
These  artificial  ridges  are  particularly  striking  on  the  Uttle  plai 
of  Nice,  which  has  been  under  cultivation  since  the  country  wa 
settled  from  the  Fhocaean  colony  of  Marseilles.  The  height  c 
the  latter  elevated  river-courses  is  not  only  due  to  their  antiquity 
but  to  the  loose  nature  of  the  conglomerate  hills  behind,  whicl 
permits  an  easy  transport  of  the  pebbles.  Fig.  14. 

The  annexed  diagram  will  illustrate  J^-JlJL 

this  fact:  a  6,  the  level  of  the  coun-     o^^^"^'^  iirljlJl:!! 
try,  now  cultivated,  upon  which  the  ^ 

artificial  banks  have  been  gradually  raised  to  c<^  in  order  t 
protect  the  cultivated  lands  from  being  invaded  by  the  detri 
tuB  of  the  river  or  torrent  «,  which  is  thus  accumulated  from  f  to  i 
There  is  a  very  general  system  of  endeavouring  to  check  thi 
accumulation,  and  consequent  rise  of  bed,  by  throwing,  when  lb 
waters  are  low,  the  transported  detritus  out  of  the  bed  e,  upoi 
theprotecting  banks  c  d, 

Tne  Po  affords  a  well-known  example  of  this  rise  of  bed,  a 
that  it  becomes  higher  than  the  houses  in  the  city  of  Ferran 
In  Holland  also  the  same  phenomenon  is  observable,  though  no 
on  so  great  a  scale;  and  may  always  be  expected  where  artifida 
banks  prevent  detritus-bearing  rivers  from  changing  their  bed 
on  plains. 

Although  rivers,  in  certain  situations,  raise  their  beds,  in  other 
(hey  deepen  them.    This  arises  from  two  or  more  streams  uni 


Dtlkery  cfDetriius  into  the  Sea»  63 

ting  into  cme  river,  wben  the  water  does  not  expose  a  surface 
equal  to  the  two  previous  surfaces,  but  one  very  considerably  less, 
the  action  of  the  united  waters  being  to  deepen  their  channel ;  so 
that  even  with  a  diminished  general  inclination  of  the  bed,  the 
vdodty  continues  the  same,  or  is  even  increased. 

This  deepening  of  beds  by  the  union  of  rivers  is  well  exhibited 
ly  the  following  £etcts  observed  in  the  Po : — 

"About  the  year  1600,  the  waters  of  the  Panaro,  a  very  consi- 
fable  river,  were  added  to  the  Po  Grande;  and  although  it 
kings  along  with  it  in  its  freshes  a  vast  quantity  of  sand  and 
Bad,  it  has  greatly  deepened  the  whole  Tronco  di  Yenezia  from 
die  confluence  to  the  sea.  This  point  was  clearly  ascertained  by 
Manfred!  about  the  year  1720,  when  the  inhabitants  of  the  val- 
leys adjacent  were  alarmed  by  the  project  of  bringing  in  the 
waters  of  the  Rheno,  which  then  ran  through  the  Ferrarese. 
Their  fears  were  overcome,  and  the  Po  Grande  continues  to 
deepen  its  channel  every  day  with  a  prodigious  advantage  to  the 
navigations;  and  there  are  several  extensive  marshes  which  now 
drain  off  by  it,  after  having  been  for  ages  under  water :  and  it  is 
to  be  particularly  remarked,  that  the  Rheno  is  the  foulest  river  in 
its  freshes  of  any  river  in  that  country  ♦." 

It  might  be  supposed  that  all  rivers  would,  by  means  of  freshes, 
propel  pebbles  into  the  sea.  They  certainly  accomplish  by  these 
means  a  greater  transport  than  could  be  effected  in  the  same 
channels  under  ordinary  circumstances;  but  during  freshes  rivers 
can  only  be  considered  as  of  greater  magnitude,  and  are  therefore 
itin  subject  to  the  general  laws  of  rivers;  a  greater  body  of  water 
tending  to  deepen  the  channel;  the  velocities,  inclinations  of  beds, 
and  the  power  of  transport  still  being  in  proportion  to  each  other. 

In  the  beds  of  torrents,  dry,  or  nearly  dry,  for  the  greater  part 
of  the  year,  we  see  examples  of  the  deepening  of  river  beds  in 
proportion  to  the  volume  of  water  which  passes  through  them,  to 
the  inclination  of  the  beds,  and  to  the  resisting  power  of  the  bot- 
toms and  sides.  The  transport  of  detritus  will  also  be  observed 
greater  or  less  in  proportion  to  these  circumstances:  the  finer 
particles  being  more  easy  of  transport,  there  are  few  rivers  which, 
during  freshes,  do  not  convey  a  great  quantity  of  such  detritus  into 
the  sea:  other  kinds  of  detritus  will  be  also  transported,  if  levels 
permit;  if  not,  they  remain  in  the  interior.  Consequently,  accord- 
mg  to  the  circumstances  already  noticed  will  be  the  nature  of  the 
detritus  conveyed  to  the  mouths  of  rivers.  But  as  circumstances 
my  in  the  same  river,  a  deposit  of  such  detritus  in  these  situa- 
tioDs  also  varies,  and  there  may  be  alternations  of  clay  or  marl, 
and  of  sand  or  gravel. 

If  the  mouths  of  rivers  be  tidal,  the  river  detritus  is  conmiitted 

*  Encyc.  Brit,  art  River, 
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to  the  charge  of  the  estuary  tides,  and  is  dealt  with  accord 
the  laws  by  which  these  are  governed.  If  they  be  tidelesi 
whole  mass  of  transported  matter  will  be  propeUed  without 
into  the  seas  at  the  embouchures.  Between  the  extremes  of 
resistance  and  non-resistance  the  variations  are  so  great  an 
pend  so  much  on  local  circumstances,  as  to  be  of  exceedingly 
cult  classification.  The  principal  variations  are  produced  b 
difference  in  the  volume  of  the  discharging  rivers,  their  vela 
and  the  quantity  and  quality  of  the  substances  they  may  1 
port.  As  a  general  fact,  however,  it  may  be  stated  that  i 
tend  to  form  deltas  in  tideless,  or  nearly  tideless,  seas,  or  t 
they  can  overcome  the  resistance  of  tides,  currents,  and  th 
structive  action  of  the  breakers;  thus  increasing  the  Ian 
their  deposit,  and  splitting  into  several  channels;  the  supei 
increase  being  in  proportion  to  the  depth  of  water  into  whicl 
livers  discharge  themselves. 

In  calcidations  of  the  advance  of  deltas,  care  has  not  al 
been  taken  to  show  the  general  depth  of  water  into  which 
may  have  been  protruded;  so  that  a  less  quantity  of  transp< 
detritus  might  expose  a  larger  surface  when  thrown  on  a  sm 
bottom,  than  a  larger  quantity  in  deeper  water. 

The  Nile,  Damme,  Volga,  Rhone,  and  Po,  afford  us  exan 
of  deltas  thrown  forward  into  seas,  which  may,  in  common  te 
be  called  tideless.  As  the  Nile  receives  little  atmospheric  ti 
from  Egypt,  on  which  rain  seldom  falls,  the  detritus  whic 
brings  down  must  be  princi|pally  derived  fVom  above.  This  i 
liegins  to  rise  in  June,  attains  its  maximum  of  height — ^nan 
twenty-four  or  twenty-eight  feet — in  August,  and  then  falb 
the  next  May.  During  a  succession  of  ages,  the  Nile  has  tr 
ported  a  great  mass  of  detritus  into  the  Mediterranean,  which 
accumulated  in  a  delta  at  the  mouth,  and  is  constantly  on  th< 
crease.  It  has  been  calculated,  that,  as  the  sea  deepens  at  the 
of  a  fathom  in  a  mile,  and  supposing  that  the  deposit  is  the  s 
as  in  the  Thebais,  the  addition  would  amount  to  a  mile  and  a  q 
ter  since  the  time  of  Herodotus.  According  to  Girard,  the  j 
has  raised  the  surface  of  Upper  Egj^pt  about  six  feet  four  in< 
since  the  commencement  of  the  Christian  sera.  The  quantit 
water  dischiarged  per  annum  by  this  river  is  estimated  at 
times  that  of  the  Thames*.  The  delta  is  traversed  by  two  n 
streams,  which  separate  a  few  miles  below  Cairo;  one  descenc 
to  Rosetta,  the  other  to  Damietta.  The  present  position  of 
latter  city  has  led  to  very  exaggerated  ideas  respecting  the  n 
increase  of  this  delta.  It  was  supposed  that  the  present  town 
the  same  with  that  which  during  the  first  crusade  of  St.  L 
was  situated  on  the  sea.    Now,  as  Damietta  is  two  leagues  fi 

*  Supplement  to  Encyc  Brit.,  art.  Physical  Geography. 
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sea,  it  was  calculated  that  this  distance  had  been  produced 
ieposits  from  the  Nile  within  about  600  years.  It  now,  how-^ 
r,  appears,  from  ((he  labours  of  M.  Renaud,  that  after  the  de- 
tore  of  St.  Louis,  the  Egyptian  Emirs,  wishing  to  prevent  a 
r  invasion  on  the  ^me  side,  destroyed  Damietta,  and  founded 
ew  city  in  the  in^rior,  the  present  Damietta*.  From  the 
ct  of  the  waves  and  currents,  banks  are  thrown  up  on  the 
er  edge  of  the  delta,  forming  lakes,  of  which  those  of  Menza- 
,  Bourlos,  and  that  behind  Alexandria,  are  the  largest. 
lie  delta  of  the  Po  advances  at  a  rapid  rate,  in  consequence  of 
shallow  sea  into  which  it  is  protruded.  We  are  indebted  to 
Prony  for  a  very  interesting  collection  of  facts,  which  authorize 

to  conclude,  "  First,  that  at  some  ancient  period,  the  precise 
i  of  which  cannot  now  be  ascertained,  the  waves  of  the  Adriatic 
hed  the  walls  of  Adria.  Secondly,  that  in  the  twelfth  century, 
»re  a  passage  had  been  opened  for  the  Po  at  Ficarrolo,  on  its 
or  northern  bank,  the  shore  had  already  been  removed  to  the 
ince  of  nine  or  ten  thousand  metres  from  Adria.    Thirdly^ 

the  extremities  of  the  promontories  formed  by  the  two  prin> 
1  branches  of  the  Po,  before  the  excavation  of  the  Taglio  di 
to  Viro,  had  extended  by  the  year  1600,  or  in  four  hundred 
-8,  to  a  medium  distance  of  18,500  metres  beyond  Adria; 
Bg  from  tlie  year  1200  an  average  yearly  increase  of  the  allu- 

land  of  25  metres.  Fourthly,  that  the  extreme  point  of  the 
ent  single  promontory,  formed  by  the  alluvions  of  the  existing 
iclies,  is  advanced  to  between  thirty-two  and  thirty-three  thou- 
1  metres  beyond  Adria;  whence  the  average  yearly  progress 
i>out  seventy  metres  during  the  last  two  hundred  years,  being 
eatly  more  rapid  proportion  than  in  former  times  f." 
hie  Mississippi,  the  great  drain  of  so  large  a  portion  of  North 
erica,  may  be  considered  as  delivering  its  waters  into  a  nearly 
less  sea.  Its  delta  is  very  considerable,  and  little  raised  above 
level  of  the  ocean.  During  the  greatest  heights  of  flood,  the 
of  the  river  from  New  Orleans  to  the  sea,  a  distance  of  about 

hundred  miles,  has  been  calculated  at  only  one  inch  and  a  half 
.  mile.   When  the  waters  are  low,  the  fall  is  scarcely  perceptible, 

level  of  the  sea  being  then  nearly  that  of  the  river  at  New 

eanst* 

liis  river  affords  a  good  example  of  a  flood  being  higher  at  a 
ance  from  the  embouchure  of  a  river  than  at  the  mouth  itself; 
the  rise  of  water,  during  the  great  freshets,  is  fifty  feet  at  Nat- 
z,  three  hundred  and  eighty  miles  inland,  while  at  New  Orleans 
I  only  thirteen  §. 

*  Eztraits  des  Historians  Arabes  relatifs  aux  Guerres  des  Croisades. 
-  Prony,  as  quoted  by  Cuvier.     Dis.  sur  les  Rev.  du  Globe. 
Hall's  Travels  in  North  America.  §  Ibid. 
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Darby  has  furnished  us  with  a  mass  of  information  respecting 
a  large  portion  of  the  Mississippi's  course,  and  of  its  delta,  firon 
whence  very  important  ideological  information  may  be  obtained* 
It  would  appear  that  the  Atchafalaya,  which  now,  at  a  distanoi 
of  about  two  hundred  and  fifty  miles  from  the  sea,  conducts  I 
large  part  of  the  Mississippi's  waters  into  the  Gulf  of  Mexico,  dk 
not  always  form  a  drain  from  that  river,  but  that  it  once  contti 
tuted  a  continuation  of  the  Red  River,  which  now  flows  into  tb 
Mississippi.  During  the  autumns  of  1807, 1808, 1809,  Mr.  Daiiq 
had  frequent  opportunities  of  examining  the  bed  of  the  Atchafii 
laya,  the  waters  in  which  were  then  at  a  low  state.  He  found  tht 
''  the  upper  stratum  invariably  consisted  of  a  blueish  clay  commoi 
to  the  banks  of  the  Mississippi.  This  is  usually  followed  by  i 
stratum  of  red  ochreous  earth  peculiar  to  the  Red  River,  muku 
which  the  blue  clay  of  the  Mississippi  was  again  to  be  perceived f/ 
From  this  we  may  infer,  not  only  that  me  Red  River  flowec 
through  the  channel  of  the  Atchafalaya,  previous  to  the  preten 
course  of  the  Mississippi,  but  that  the  latter  river  preceded  tin 
former,  and  that  there  have  been  alternations. 

From  the  form  of  the  Mississippi,  where  the  Atchafalaya  de 
taches  itself,  an  immense  quantity  of  trees  brought  down  by  tb 
former  are  thrown  into  the  latter.  About  fifty-two  years  since 
these  trees  began  to  accumulate  and  form  the  "raft."  "Thi 
mass  of  timber  rises  and  falls  with  the  water  in  the  river,  and  a 
all  seasons  maintains  an  equal  elevation  above  the  surface.  Tb 
tales  that  have  been  narrated  respecting  this  phsenomenon,  it 
having  timber  of  large  size,  and  m  many  places  being  compac 
enou^  for  horses  to  pass,  are  entirely  void  of  truth.  The  ran  if 
in  fact,  subject  to  continual  change  of  position,  which,  supei 
adding  its  recent  formation,  renders  either  the  solidity  of  its  struc 
ture,  or  the  growth  of  large  timber,  impossible.  Some  small  wil 
lows  and  other  aquatic  bushes  are  frequently  seen  among  the  treei 
but  are  too  often  destroyed  by  the  shifting  of  the  mass  to  acmnr 
any  considerable  size.  In  the  fall  season,  when  the  waters  are  ion 
the  surface  of  the  raft  is  perfectly  covered  by  the  most  beautifc 
flora,  whose  varied  dyes,  and  the  hum  of  the  honey-bee,  seen  x 
thousands,  compensate  to  the  traveller  for  the  deep  silence  an 
lonely  appearance  of  nature  at  this  remote  spott* 

Mr.  Darby  estimated  the  cubic  contents  of  the  raft,  from  obsei 
▼ations  made  in  1808,  at  286,784,000  cubic  feet,  considering  ifa 
breadth  of  the  river  =  220  yards,  the  length  of  the  raft  ^10  mile 
and  the  depth  =  8  feet.  The  distance  between  the  extremitit 
of  the  raft  was  actually  more  than  twenty  miles ;  but,  as  the  whol 
distance  was  not  filled  up  by  timber,  he  assumed  ten  mUes  as  net 
the  truth. 

*  Darby's  Geographical  Description  of  the  State  of  Louisiana, 
t  Ibid,  X  Ibid,  p.  65. 
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Rafts  of  this  deicription,  but  of  less  size,  occur  in  other  parts  of 
the  Mississippi  or  its  great  tributaries.  The  banks  are  destroyed 
bf  the  currents,  and  large  collections  of  trees  are  suddenly  hurled 
mto  the  stream.  Captain  Hall  was  present  when  a  large  mass  of 
cuih,  loaded  with  trees,  suddenly  fell  into  the  Missouri,  and  a 
luger  mass  had  been  detached  a  short  time  previous  to  his  ar- 
nval*. 

There  are  few  rivers  whose  course  is  more  instructive  than  the 
IGaiasippi,  as  man  has  not  yet  effected  many  changes  on  its  banks ; 
■d  we  thus  contemplate  great  natural  operations,  such  as  cannot 
k  so  well  observed  m  those  which  have  been  more  or  less  under 
\k  dominion  for  a  series  of  ages.  Its  course  is  so  long,  and 
flffough  such  various  climates,  that  the  freshets  or  floods  produced 
ii  one  tributary  are  over  before  they  commence  in  another:  hence 
nise  those  frequent  deposits  of  detritus  at  the  mouths  of  the  tri- 
butaries. These  latter  have  their  waters  forced  back,  and  ren- 
dered, to  a  certain  distance,  stagnant  by  the  rush  of  the  flood 
across  their  embouchures,  and  the  consequence  is  a  deposit,  which 
remains  until  the  annual  floods  in  the  tributary  remove  itf .  When 
the  Ohio  is  in  flood,  it  stagnates  the  waters  of  the  Mississippi  for 
miny  leagues ;  when  the  Mississippi  is  in  flood,  it  dams  up  the 
vaters  of  the  Ohio  for  seventy  miles  t* 

Darby  remarks  that  the  Mississippi,  in  its  long  course  from  the 
embouchure  of  the  Ohio  to  Baton  Rouge,  washes  the  eastern 
Uoffii,  which  it  tends  to  carry  away  and  destroy,  and  that,  even 
to  the  sea,  it  does  not  come  in  contact  with  the  western  side  of 
the  valley  through  which  it  flows.  He  attributes  this,  with  great 
probability,  to  the  deposits  brought  down  by  the  great  tributaries, 
iriiich  all  enter  the  IVussissippi  from  the  west,  and  thus  accumulate 
detritus  on  that  side. 

Notwithstanding  the  general  tendency  of  the  river  to  the  east- 
wud,  innumerable  smaller  changes  of  channel  take  place.  Thus 
vindiog  courses  shorten  themselves,  by  cutting  through  isthmuses, 
die  tendency  of  the  winding  currents  being  to  destroy  the  barriers 
between  them,  as  may  be  observed  in  numerous  rivers  flowing 
throngh  plains.  New  obstacles  present  themselves ;  new  sinuo- 
■ties  of  channel  are  produced ;  trees  growing  upon  old  alluvial 
deposits  of  the  river  are  carried  away;  and  new  vegetation  springs 
im  iipoD  the  recent  alluvium,  to  be  again  removed  by  a  new 
coinge  of  channel.    During  these  various  minor  changes  of  bed, 

*  Hall's  Travels  in  North  America. 

f  James,  Exp.  to  Rocky  Mountains. 

X  Hall's  Travels  in  North  America,  vol.  iii.  p.  370.  The  same  author 
notices  the  curious  mixture  of  the  Missouri  waters  with  those  of  the  Mis- 
nssippi,the  former  charged  with  detritus  and  wood,  the  latter  beautifully 
dear. 
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the  degradation  of  the  higher  lands  lupplies  a  great  abundancr4 
detritus,  which  not  only  tends  to  raise  the  general  level  of 
valley,  hy  deposits  over  the  low  lands  at  floods,  but  is 
forward  towards  the  sea,  and  forms  an  immense  delta,  com} 
of  clay,  mud,  and  silt,  mixed  with  a  large  proportion  of 
trees  and  other  vegetable  substances. 

The  delta  is  divided  into  innumerable  lakes,  marshes, 
streams,  inhabited  bv  a  multitude  of  alligators.  The  main  str^ 
of  the  Mississippi  will  be  observed  to  project  forward,  on  all  ~ 
maps,  in  a  singular  manner.    The  detritus  brousht  down  _^ 
produces  constant  alterations,  which  require  all  the  attentioo  ^^ 
the  pilots.    According  to  Captain  Hall,  millions  of  logs,  or 
of  trees,  are  brought  down  during  freshets,  and  carried  i 
miles  into  the  sea,  so  that  it  is  difficult  to  navigate  among 
When  not  carried  to  sea,  these  logs  are  bound  together  by  a 
of  cane,  which  retards  the  river  and  collects  mud.    Tne 
author  considers  **  that  a  belt  of  uninhabitable  country,  from 
to  one  hundred  miles  in  width,  fringes  the  edge  of  the  whde 
that  part  of  the  coast*.'* 

The  mouth  of  the  Ganges  will  afford  us  an  example  of 
power  of  rivers  to  force  forward  deltas  where  no  violent  cun 
run  across  their  embouchures,  and  where  the  body  of  water, 
ticularly  during  freshets,  is  very  considerable,  even  when 
rivers  are  opposed  to  considerable  tides.    Major  Rennell  des( 
this  delta  in  1781,  so  that  probably,  since  his  account  was  writ 
very  material  changes  have  been  effected;  yet  as  all  these  chaii| 
are  likely  to  have  been  made  in  the  same  manner.  Major  Renni 
description  will  always  be  valuable,  as  showing  the  mode  in 
they  nave  been  carried  on.    The  delta  of  the  Ganges  comm< 
about  two  hundred  and  twenty  miles  from  the  sea  in  a 
line;  or  nearly  three  hundred,  if  the  distance  be  reckoned  alaag^ 
the  windings  of  the  river.    The  Ganges  makes  frequent  windings^ 
like  many  other  rivers,  and  thus  considerable  changes  of  its  becT 
take  place,  the  opposing  bends  cutting  through  the  isthmus  be«j^? 
tween  them,  as  in  the  Mississippi  During  the  eleven  years  whidlf  r 
Major  Rennell  remained  in  India,  the  head  of  the  Jelunghy  riyir  ^ 


Bengal  rivers.    The  Cosa  (equal 

Rhine)  once  ran  by  Pumeah,  and  joined  the  Ganges  oppoaitt  "^ 

Rajenal.     Its  junction  is  now  nearly  forty-five  miles  higher  up*  ^ 

Gour,  the  ancient  capital  of  Bengal,  once  stood  on  the  Ganges."  ^i 

It  seems  probable  that  the  Ganges  once  ran  in  the  line  now  oo-  ^ 

cupied  by  the  lakes  and  morasses  between  Nattore  and  Jaffier-  ^ 

gunge  f.  * 

*  Hairs  Travels  in  North  America,  vol.  iii.  p.  340.  ^ 
f  RenneU,  Phil.  Trans.  17 8\. 
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I  delta  is  constantly  on  the  increase.  The  quantity  of  de- 
must  be  abundant,  for  the  sea  into  which  it  is  borne  it 
means  shallow,  the  depths  being  considerable.  The  usual 
are  produced  by  the  tide,  but  during  the  freshets  the  ebb 
w  are  little  felt,  except  near  the  sea.  During  these  times, 
re,  the  advance  of  the  delta  is  most  considerable,  the  quan- 
transported  detritus  being  then  greatest,  and  the  resistance 
lea  at  its  minimum.  The  sea  may  ravage  the  new  lands, 
parently  remove  them  for  a  time ;  but  eventually  they  must 
ven  from  the  accumulative  power  of  the  breakers  themselves, 
also  equaliise  the  depths,  by  conve3dng  the  detritus  to  a 
listance:  thus  rendering  the  sea  more  shallow,  and  con* 
tly  more  easily  filled  up  by  river-borne  detritus. 
.■86  gravel  transported  by  the  Ganges  does  not  approach 
%  within  four  hundred  miles,  and  consequently  does  not 
irithin  one  hundred  and  eighty  miles  of  the  commencement 
delta ;  therefore  it  would  appear  that  during  the  present 
>f  things,  the  Ganges  has  not  transported  coarse  gravel  into 
ft  at  its  present  relative  level.  A  great  portion  of  the  pe- 
1  inundations,  represented  as  flowing  on  the  level  lands  at 
e  of  half  a  mile  per  hour,  has  been  attributed  to  the  rains 
fall  on  the  low  lands  of  India,  as  it  has  a  blackish  tint,  from 
long  almost  stagnant  among  vegetables  of  different  kinds. 
obstacles  accumulate,  as  might  be  expected,  very  consider- 
mks  and  islands;  a  large  tree  arrested  in  its  process  down- 
er even  a  sunken  boat,  being  sufficient  for  the  purpose, 
se  islands  are  quicklv  formed,  so  are  they  easily  swept  away 
'  change  in  the  mighty  current,  which  is  estimated  to  dis- 
an  annual  quantity  of  water  equal  to  405,000  cubic  feet 
xmd*. 

he  junction  of  the  Ganges  and  Burrampooter  below  Lucki- 
here  is  a  large  gulf  in  which  the  water  is  scarcely  brackish, 
t  the  extremity  of  the  islands,  some  of  which  are  described 
jor  Rennell  as  equalling  the  Isle  of  Wight  in  size  and  fer- 
The  sea  is  represented  as  perfectly  fresh  to  the  distance  of 
I  leagues  from  this  place  during  the  rainy  season. 
rill  be  seen  that  deltas  not  only  occur  in  situations  where 
is  neither  tide  nor  considerable  current  to  prevent  a  great 
alation  of  new  land,  as  at  the  embouchures  of  the  Nile  and 
it  also  where  the  tides  are  small  (Mississippi),  and  even 
they  are  considerable  (Ganges).  The  deltas  thus  produced 
)  doubt  large,  and  the  amount  of  animal  and  vegetable 
which  they. may  entomb  very  considerable;  but  we  must 
)  led  away  by  measurements  and  comparisons  with  the 
,  breadth,  or  superficies  of  districts  with  which  we  may  be 

*  Rennell,  Phil.  Trans.  1781. 
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familiar,  and  which  we  may,  from  hahit,  consider  imj 
They  should  be  regarded  with  reference  to  their  relative  imf»4 
ance  as  portions  of  dry  land,  when  it  will  be  seen  that  the; 
not  expose  so  considerable  a  surface  as  might  at  first  be  sup]^ 
The  augmentation  of  deltas  will  correspond  with  the  detritus 
ried  forward  to  the  embouchures  of  rivers,  and  it  will  be  o1 
that  the  facility  of  the  transport  \»ill  depend,  all  other  circ 
stances  being  the  same,  on  the  length  and  fall  of  the  cl 
Now  the  course  will  be  shortest  and  the  declivity  greatest  at 
commencement  of  the  delta,  and  therefore  it  might  be  con(  ~ 
that  deltas  would  accumidate  heavier  materials,  and  inu-^  ^ 
most  rapidly  at  the  first  periods  of  their  formation,  and  that  '^ 
increase  would  gradually  diminish  as  the  &il  of  the  river  cl 
became  less,  and  its  length  increased;  without  reckoning  oa_ 
innumerable  checks  given  to  the  stream  by  the  increasing  ' 
sions  in  the  delta.  It  may  also  be  supposed  that  the  del 
from  the  high  lands  would  become  gradually  less,  from  the  eqi 
zation  of  levels,  and  the  fewer  asperities  that  meteoric 
have  to  act  on.  Should  these  remarks,  made  under  the  supjh 
tion  of  the  non-interference  of  man,  be  correct,  it  will  follow 
the  increase  of  deltas  would  gradually  diminish  if  these  were 
only  circiunstances  which  regulated  them.  But  it  must  be 
that  heavy  rains,  more  particularly  in  tropical  countries,  wi 
tend  to  cut  up  and  destroy  the  delta  itself,  (still  accumulating 
its  highest  parts,)  and  force  the  detritus  into  the  sea.  The 
aquatic  vegetation,  common  at  the  extremities  of  deltas,  m 
render  this  transport  difficult,  yet  still  some  detritus  would  eses.p^| 
The  amount  of  such  additions  to  the  outskirts  of  the  new  kaM0 
would  not,  perhaps,  be  considerable,  but  it  would  correspond  "w/f^^ 
the  size  of  the  delta,  and  consequently  the  larger  this  was,  4P^ 
greater  would  be  the  increase  thus  derived.  «-' 

Between  those  rivers,  such  as  the  Ganges,  which  obtrude  delt 
into  tidal  seas,  and  those  which  have  large  open  embouchures, 
as  the  Maranon,  St.  Lawrence,  Tagus,  and  Thames,  there 
iuch  variations,  produced  bv  local  causes,  that  it  would  be  exceeAf/ 
inglv  difficult,  even  if  useml,  to  classify  them.  In  the  delivfli|f^ 
of  their  detritus,  therefore,  such  rivers  will  either  produce  ddlat  ^ 
or  estuaries  at  their  embouchures,  as  they  either  partake  of  tb*  ^ 
characters  of  the  Ganges  or  the  St.  Lawrence;  if  of  the  latter,  tb*  ^ 
detritus  will  be  dealt  with  according  to  the  mode  of  deposit  or  *^ 
transport  in  estuaries.  ^ 

Action  of  the  Sea  on  Coasts.  ^ 

Breakers,  or  the  waves  fallinfi;  on  sea  beaches  or  coasts,  af^  ^ 
continual  and  powerful  agents  of  destruction  in  some  situations;  ^ 
w/il/e  in  othen  they  pile  up  bartierft  against  themselves.    Their    i 
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npoitm  I  ktntfm  mftaence  is  principally  felt  when  the  rocks  on  which 
e  imrl  1^  Be  diichai^d  are  composed  of  soft  materials,  and  rise 
■iwiiit  ibnqptfy  above  the  level  of  the  sea.     Their  protecting 
than  'n  most  commonly  experienced  in  front  of  low  level 
hk,  nd  across  the  mouths  of  valleys,  on  each  side  of  which  a 
Uneky  point  supports  the  ends  of  a  beach. 
Ik  datniction  of  coasts  of  equal  hardness  almost  always 
cilaiiil  laa  proportion  to  the  extent  of  open  sea  to  which  such  coasts 
'St  at  liil  MpMed,  all  other  circumstances  being  the  same.  The  configu** 
.'oicisUl  liatf  moat  coasts  will  be  seen  to  be  determined  by  the  hord- 
incitilMif  die  rocka  composing  them;  the  softer  strata  giving  way 
hhi  die  battering  power  of  the  breakers,  while  the  harder  rocks 
Mm  thdr  places  for  a  greater  length  of  time.    If  the  rocks 
■■K  a  coast  be  stratified,  much  depends  on  the  dip  of  the  strata 
Mu)  to  the  breakers.    Thus,  in  many  situations  on  the  south* 
mtmtti  of  Devon  and  Cornwall,  the  slaty  rocks  dip  in  such  a 
■■er  towards  the  sea,  that  the  waves  have  never  effected  more 
ia  the  removal  of  some  loose  superficial  matter,  the  same  that 
Mb  all  the  hills  in  the  vicinity.     In  fact,  a  skilful  engineer 
■iiiot  have  protected  the  coast  better  than  has  been  accom- 
Mad  by  the  dip  of  the  strata.    The  destructive  power  in  other 
■Mkni  is  well  known;  and  of  this,  the  eastern  coast  of  our 
U  presents  abundant  proof,  where  very  considerable   en- 
Aebnents  of  the  sea  have  been  recorded  within  the  lapse  of  a 
^centuries.    The  substances  so  forced  away  by  the  action  of 
Ai  fireakers  will  be  acted  on  according  to  their  weight,  form,  and 
tUtty.    The  tides  or  currents  will  remove  so  much  of  them  as 
A^  are  able  to  transport,  and  the  rest  will  remain  on  the  shore 
nnm  the  immediate  influence  of  the  breakers,  which  constantly 
ted  to  grind  them  down  into  smaller  portions,  and  finally  into 
and. 

Da  the  destruction  of  a  cliff  of  unequal  hardness,  it  not  unfre- 
fKotly  happens,  that  the  harder  portions,  when  large,  such  as 
may  concretions  in  sandstones  and  marls,  or  blocks  of  indiuated 
ftata,  lemain  at  the  base  of  the  cliff,  and  in  a  great  measure  nro- 
iMt  it  from  the  more  powerful  effects  of  the  breakers,  as  will  be 
MB  in  the  annexed  figure.  Fig.  15. 

i^  a  defence  of  blocks,  derived  

iran  the  hard  strata  b,  and  the  nr"^^'  h 

ooocretions  c. 

Amon£[  the  unstratified  rocks, 
great  vanety  of  hardness  prevails, 
10  that  they  frequently  present  an 

aeven  front  to  the  sea,  resulting  from  the  quicker  decomposition 
and  destruction  of  some  parts  than  of  others.  Veins  of  one  sub- 
rtance,  or  rock,  traversing  another  are  generally  of  diffeTenl  le^b- 
tores  and  aolidity  from  mat  which  they  cut,  and  coii«ec^<eii^^ 
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nothing  is  more  frequent,  on  sea  shores,  than  to  ohsenre  them  eidie^ 
standing  out  in  rehef  or  hollowed  into  coves.  N 

When  a  shingle  or  sandy  heach,  hut  more  particularly  tib^ 
former,  is  partly  torn  up  and  held  in  temporary  mechanical  «rf^ 
pension  hy  the  breakers  during  a  heavy  gale,  the  action  of  tll^* 
waves  is  very  considerable,  even  on  the  hardest  rocks,  so  af#^ 
scoop  them  out  near  the  ordinanr  level  of  the  sea.  In  e: 
situations,  the  hardest  rocks  are  onen  drilled  into  holes  or 
from  the  force  of  the  broken  wave  being  driven,  by  local 
stances,  more  in  one  direction  than  another,  or  from  the 
hardness  of  different  portions  of  the  rock.  The  most  beat 
ocean  caverns,  Fingal's  Cave  in  Staffa,  owes  its  existence  to 
circumstance  of  the  basaltic  columns  being  jointed  in  that 
while  the  general  character  is  to  be  without  divisions  in 
columns*. 

After  the  sea  has  formed  a  cavern,  the  vault  of  which  does 
rise  above  high  water,  it  sometimes  works  its  way  upwards  at 
inmost  extremity,  partly  by  means  of  the  compressed  air  ~ 
between  each  wave  as  it  rolls  into  the  cave.  Of  this  kind  of  cai 
Bosheston  Mere  in  South  Wales  is  an  example  on  the  large 
It  is  formed  through  strata  of  carboniferous  limestone,  and 
noise  caused  by  the  blast  of  compressed  air  and  sea  water  upi 
is  heard  at  a  considerable  distance. 

The  protecting  influence  of  breakers  is  shown  in  Ion?  lines  ^^ 
shingle  and  sandy  beaches,  which  often  defend  low  and  mantP' j 
land,  particularly  at  the  mouths  of  valleys,  from  the  desUuclill^^ 
power  of  the  sea. 


Shingle  Beaches. 

In  the  case  of  shingle  beaches,  it  will  be  observed,  that  duriq^^^ 
a  heavy  gale  every  breaker  is  more  or  less  charged  with  the  niM^ 
terials  composing  the  beach;  the  shingles  are  forced  forward  asfttt^ 
as  the  broken  wave  can  reach,  and  in  their  shock  against  the  beajMT^ 
drive  others  before  them  that  were  not  held  in  momentary  tMi\j^ 
chanical  suspension  by  the  breaker.  By  these  means,  and  pn^.^ 
ticularly  at  the  greatest  height  of  the  tide,  the  shingles  are  projed^^ 
ed  on  the  land  beyond  the  reach  of  retiring  waves.  Heavy  galtt.^ 
and  high  tides  combined  seem  to  produce  the  highest  heaiSie$^  ^ 
they  do  indeed  sometimes  cause  breaches  in  the  rampart  thcj  !* 
have  raised  against  themselves,  but  they  quickly  repair  them.  The  ^ 
great  accumulation  of  beach  upon  the  land  being  effected  at  : 
nigh  water,  the  ebb  tide,  it  is  clear,  cannot  deprive  the  land  of  ^ 
what  it  has  gained.  In  moderate  weather,  and  during  neap  tide%  ^ 
various  little  lines  of  beach  are  formed,  which  are  swept  away  faj    ^ 

'  Maccuiioch,  Western  UAands  of  ScoUaad. 
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a  heavy  gale ;  and  when  these  little  beaches  are  so  obliterated,  it 
might  be  supposed,  by  a  casual  observer,  that  the  sea  was  dlmi- 
nuhing  the  beach ;  but  attention  will  show  that  the  shingles  of 
the  lines,  so  apparently  swept  away,  are  but  accumulated  else- 
where. These  remarks  do  not  apply  to  situations  where  the  sea, 
during  gales,  has  access  to  clijQs  or  piers,  from  whence  there  might 
be  a  retiring  wave  carrying  all  before  it ;  but  to  such  situations — 
ad  they  are  abundant — where  the  breakers  meet  with  no  resist* 
met,  and  strike  nothing  but  the  more  or  less  inclined  plane  of  a 
ddngle  beach.  Even  in  cases  where  the  waves  in  heavy  gales  and 
k^  tides  do  reach  cliffs,  and  for  the  time  remove  shinsle  beaches, 
it  is  curious  to  see  how  soon  these  latter  are  restored,  when  the 
veaiher  moderates,  and  when  the  breakers,  in  consequence  of  a 
fiminished  projecting  force,  cease  to  recoil  from  the  cliff  behind. 
Shingle  beaches  travel  in  the  direction  of  the  prevalent  winds, 
€r  those  which  produce  the  greatest  breakers :  of  this  there  are 
abundant  examples  on  our  own  southern  coast,  where  the  preva- 
lent winds  being  W.  or  S.W.,  the  beaches  travel  eastward  until 
•nested  by  some  projecting  land,  when  the  sea  forms  a  barrier 

r'nst  itself,  and  not  unfrequently  leaves  a  space  between  it  and 
cliff  which  it  formerly  cut :  this  space,  under  favourable  cir- 
enmstances,  is  covered  by  vegetation,  suited  to  such  a  situation, 
even  the  cliff  being  sometimes  studded  with  sea-side  plants,  when 
they  can  find  root.  Works  are  sometimes  constructed  to  arrest 
l»eaches,  either  to  protect  land  behind  or  to  prevent  their  passage 
lound  pier  heads  mto  artificial  harbours ;  and  thus  engineers  are 
practically  aware  of  their  travelling  power  in  the  direction  of  cer- 
tain winds.  This  progressive  march  of  beaches  is  far  from  rapid, 
and  can  only  be  in  proportion  to  the  greater  power  or  duration  of 
€De  wind  to  another ;  moreover,  the  pebbles  become  comminuted 
in  their  passage,  and  thus  the  harder  can  only  travel  to  consider- 
able distances. 

The  Chesil  Bank,  connecting  the  Isle  of  Portland  with  the  main 
laid,  is  about  sixteen  miles  long,  €md,  as  a  general  fact,  it  may  be 
itated  that  the  pebbles  increase  in  size  from  wettt  to  east.  It 
protects  land  which  has,  evidently,  never  been  exposed  to  the  de- 
atractive  power  of  the  Atlantic  swell  and  seas,  which  break  with 
great  fury  against  the  bank;  for  the  land  behind  is  composed 
«f  soft  and  easily  disintegrated  strata,  which  would  speedily  give 
way  before  such  a  power.  Perhaps  a  gradual  sinking  of  the  land 
Bight  produce  the  present  appearances ;  for  though  the  sea  would 
have  attacked  the  land  when  the  relative  levels  were  different,  the 
form  of  the  bay,  and  the  projection  of  the  Isle  of  Portland,  would 
aoon  cause  a  beach  to  be  formed,  which  would  rise  as  the  land 
sunk,  so  that,  finally,  no  traces  of  a  back  cliff  could  be  observed. 
Under  this  hypothesis,  Portland  would  not  have  formed  an  island, 
but  merely  the  projecting  point  of  a  bay,  which,  with  its  ex^^osuxe, 
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wonld  soon  have  accumulated  the  heach  required.  It  may  be  re- 
marked, that  this  supposed  gradual  sinking  of  the  land  is  in  ae-  j 
oordance  with  appearances  more  westwaid  on  the  same  coast,  | 
where  the  facts  presented  seem  to  re<{uire  this  explanation.  The  ^ 
sea  separates  the  Chesil  Bank  from  the  land  for  about  half  its  ^ 
length,  so  that,  for  about  eight  miles,  it  forms  a  shingle  ridge  in  •. 
the  sea.  The  effects  of  the  waves,  however,  on  either  side  are  j. 
very  unequal ;  on  the  western  side  the  propelling  and  piling  in-  1 
fluence  is  considerable,  while  on  the  eastern,  or  that  part  between 
the  bank  and  the  main  land,  it  is  of  trifling  importance.  Tht 
following  is  a  section. 

Fig.  16. 


*. 

is 


a,  the  Chesil  Bank :  6,  the  water  called  the  Fleet :  e,  smaH  diiBi    * 
formed  by  the  waves  of  the  Fleet  and  land  springs :  dy  various  soft    B 
rocks  of  the  oolite  formation,  protected  from  destruction  by  tht 
Chesil  Bank  a :  e,  the  open  sea. 

Another  curious  example  of  land  protected  by  a  shingle  bank 
occurs  on  the  southern  coast  of  Devon,  and  is  remarkable,  as  it 
shows  that  the  sea,  at  its  present  relative  level  with  the  land,  has 
never  reached  the  land  behind  the  beach, — a  fact  that  will  admit 
of  the  same  explanation  as  that  previously  given  for  the  Chesil 
Bank.  At  the  bottom  of  Start  Bay,  and  for  the  distance  of  about 
five  or  six  miles,  a  considerable  bank,  principally  composed  of 
small  quartz  pebbles,  has  been  thrown  up  by  the  sea.  The  line 
of  coast  faces  the  east.  Between  Tor  Cross  and  Beeson  Cellar,  m 
point  of  land  comes  within  the  reach  of  the  breakers ;  but  here^ 
as  well  as  elsewhere  behind  the  bank,  the  land  has  evidently  gain- 
ed on  the  sea,  or,  in  other  words,  the  latter  has  piled  up  a  barrier 
which  prevents  its  reaching  the  cliff,  as  it  once  did,  even  during 
heavy  gales.  This  bank,  generally  known  as  Slapton  Sands, 
though  composed  wholly  of  small  pebbles,  protects  and  blocks  up 
the  mouths  of  five  valleys.  Between  Slapton  Sands  (properly  w 
called)  there  is  a  fresh-water  lake,  divided  into  two  at  Slapton 
Bridge,  where  the  waters  of  the  northern  lake  drain  into  the 
southern.  The  northern  portion  is  nearly  silted  up  by  the  detritus 
borne  down  by  a  river  that  drains  a  few  miles  of  country,  and  m 
nearly  covered  by  bullrushes  and  other  aquatic  plants.  The 
southern  and  larger  portion  is  open,  and  of  many  acres  in  extent 
The  waters  are  supplied  by  the  rivers  behind,  and  commonly  per- 
colate through  the  pebbles  into  the  sea.  When,  however,  the 
tides  are  high,  and  the  waters  kept  up  by  heavy  gales,  it  some- 
times happens  that,  the  relative  levels  being  altered,  the  sea-water 
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passes  thnN^h  the  shingles  into  the  lake,  and  renders  it  to  a  cer- 
tain extent  brackish.    This  usually  happens  in  winter;  but,  gene- 
rally ^eakingy  the  relative  levels  are  such,  that  the  lake  drains 
into  the  sea  and  remains  perfectly  fresh.     It  contains  a  great 
•bundaace  of  trout,  perch,  pike,  roach,  and  flounders.    The  pre- 
tence of  the  latter,  a  marine  or  estuary  fish,  shows  that  it  can  be 
gmdually  accustomed  to  fresh  water.    The  percolation  of  the 
i     an  thnmgh  the  pebbles,  during  heavy  gales,  does  not  seem  to 
I    iuBre  the  fresh-water  fish ;  but  when  a  breach  was  made  through 
dus  beach  during  the  gale  of  November  1824,  they  were  nearly 
an  killed  by  the  sudden  influx  of  the  sea.    Those  which  escaped 
im  the  streams  were  sufficient,  in  five  years,  again  to  stock  the 
lake  abundantly. 

The  breach  made  through  Slapton  Sands  continued  open  for 
nearly  a  year,  becoming  gradually  smaller.  The  complete  re- 
storation of  the  sands  was  hastened  by  throwing  a  few  ba^s,  filled 
vith  shingles,  into  the  gap,  upon  which  two  or  three  gales  soon 
|Qed  up  a  heavy  beach. 

The  old  bank  must  have  remained  undisturbed  for  a  long  pe- 
liod;  for  vegetation  had  become  active  upon  it,  as  we  see  by  those 
pwtions  which  remain  uninjured,  where  turf  and  even  furze-bushes 
lave  established  themselves  upon  the  shingles. 

Fig.  17. 

The  above  exhibits  a  section  of  the  beach  and  lake. — a,  the  sea 
which  throws  up  the  beach  b  :  c,  the  fresh-water  lake  behind  the 
beadi :  d,  several  feet  in  depth  of  pieces  of  slate  and  sand  derived 
from  the  slate-rocks  e. 

This  diagram  shows  that  the  sea  could  not  have  acted  upon  the 
hSUde  since  the  accumulation  of  the  loose  substances  d,  which  it 
vould  have  instantly  removed. 

Hie  great  size  of  rock  fragments  moved  by  the  action  of  the 
bietkers  attests  their  power.  During  heavy  gales,  blocks  of  many 
tons  in  weight  have  been  forced  from  their  places ;  and  others,  even 
squared  and  bolted  together  in  the  form  of  piers  and  jetties,  have 
been  torn  asunder  by  the  battering  power  of  the  waves.  During 
the  gale  of  November  1824,  which  ravaged  a  considerable  part  of 
Ae  southern  coast  of  England,  a  square  block,  from  a  ton  and  a 
half  to  two  tons  in  wei^t,  strongly  trenailed  down,  was  torn  away 
fipom  a  jetty  at  Lyme  Aegis,  and  tossed  upwards  by  the  force  of 
a  breaker.  Mr.  Harris,  of  Plymouth,  informs  me  that,  during 
the  same  severe  gales,  and  at  the  commencement  of  1829, 
Uocks  of  limestone  and  granite,  from  2  to  5  tons  in  weight,  were 
wadhed  about  on  the  Breakwater  like  pebbles;  about  300  tons, 

E2 
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in  blocks  of  these  dimensions,  being  carried  a  distance  of  200 
feet,  and  up  the  inclined  plane  of  the  Breakwater.  These  blocks 
were  thrown  over  on  the  other  side,  where  they  remained,  after 
the  gale,  scattered  in  various  directions.  A  block  of  limestone^ 
weighing  7  tons,  was  washed  round  the  western  extremity  of  die 
Breakwater,  and  carried  150  feet.  Two  or  three  blocks  of  this  size 
were  washed  about.  At  the  Pier  in  Bovey  Sand  Bay,  on  the  east 
side  of  Pljrmouth  Sound,  apiece  of  masonry  may  be  now  seen, 
which  was  washed  back  about  10  feet,  being,  at  the  time  it  wai 
struck,  16  feet  above  the  level  of  an  18-feet  spring  tide.  Thii 
piece  of  masonry  weighs  about  7  tons,  and  consists  of  a  few  blocks 
of  limestone  cemented  together  and  covered  by  a  large  block  of 
granite.  The  mass  was  dovetailed  into,  and  formed  part  o^  a  pa- 
rapet facing  the  sea. 

At  the  Scilly  Islands  the  blocks  of  granite  that  fall  from  the 
cliffs  are  ground  by  attrition  into  great  boulders,  which  become  the 
sport  of  the  heavy  Atlantic  seas  in  tempestuous  weather. 

The  effect  produced  by  a  heavy  sea  must  depend  considerably 
on  the  form  of  the  block  on  whic&  the  sea  acts.  Thus,  a  flat  front 
would  present  the  greatest  resistance  to  the  shock,  and  the  mass 
so  struck  would  have  a  tendency  to  be  more  easily  moved  than  t 
rounded  mass,  if  it  were  not  that  the  resistance  to  removal  offered 
at  its  base,  is  very  considerably  greater  than  in  a  rounded  mass. 

The  wedging  power  of  the  breakers  is  also  very  considerable 
where  heavy  blocks  of  difficult  removal  are  mixed  with  smaller 
stones  easily  transported.  A  beach  of  this  nature  sometimes  ac- 
quires much  solidity,  as  the  smaller  pieces  are  often  forced  among 
the  larger  so  tightly  as  to  require  very  great  force,  and  even  frac- 
ture, before  they  can  be  taken  out 

It  would  appear  that,  though  shingle  beaches,  or  those  composed 
partly  of  pebbles,  and  partly  of  larger  masses,  may  be  moved  in 
the  direction  of  the  predominating  and  heaviest  breakers,  we  have 
no  evidence  of  their  being  transported  outwards,  or  into  the  depths 
of  the  ocean,  but  that,  on  the  contrary,  the  waves  of  the  sea  strive 
to  throw  them  upon  the  land;  and  this,  not  only  in  the  case  of 
substances  derived  from  the  land,  but  also  in  that  of  corals,  sheik, 
and  marine  plants  which  have  been  produced  in  the  sea  itself.  In 
tropical  countries  it  is  found  that  many  coral  reefs  and  islands  are 
defended  on  their  windward  sides  by  beaches  of  coral  shingles, 
and  even  larse  fragments  of  coral.  Lieut.-Col.  Hamilton  Smith 
informs  me,  that,  during  a  hurricane  which  he  witnessed  at  Cura- 
90a  in  September  1807,  large  pieces  of  coral  were  torn  up  from  a 
depth  often  fathoms,  and  thrown  on  the  bank  uniting  Punta  Brava 
with  the  land.  Beaches  composed  wholly  or  entirely  of  commi- 
nuted marine  sheUs  are  not  uncommon,  and  will  be  noticed  in  die 
sequel. 

The  seaward  front  of  most  shingle  beaches,  particularly  when 
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they  defend  tracts  of  flat  country^  is  bounded  by  a  line  alon?  the 
edge  of  the  beach;  above  this  une  the  beach  generally  makes  a 
considerable  angle  with  the  sands,  in  cases  of  sandy  flats.     In 
osies  where  shingle  beaches  are  not  entirely  quitted  by  the  tide, 
floidy,  shelly,  or  very  fine  gravel  soundings  are  commonly  ob- 
tained at  a  short  distance  from  the  shore,  unless  the  bottom  be 
mky.     It  would  appear  that,  if  the  present  continents  or  islands 
ise  elevated  above,  or  depressed  beneath,  the  present  ocean-level, 
Single  beaches  would  be  found  to  fringe  the  land,  but  not  to  ex 
takd&r  seaward^. 

Sandy  Beaches, 

The  observations  made  respecting  shingle  beaches  apply,  in  a 
great  measure,  to  those  composed  of  sand.  The  sand  is  derived 
a&er  from  the  detritus  borne  down  by  rivers,  from  the  attrition 
of  sea-shore  shingles  against  each  other,  or  immediately  from  the 
nad  and  sandstones  of  the  land.  The  breakers  have  the  same 
imdency  to  force  sand  upon  the  land,  as  was  observed  in  the  case 
of  shingles;  but,  being  so  much  lighter  than  the  latter,  sand  can  be 
tranroorted  by  coast  tides  or  currents  whose  velocity  would  be 
ioaiimcient  to  move  shingles.  •  On  the  other  hand,  however,  smaller 
forces  and  bodies  of  water  can  throw  sand  on  the  shore.    The 

Eay  that  could  not  transport  a  pebble  can  carry  sand,  and  thus 
8  substance  can  be,  and  is,  conveyed  far  beyond  situations 
there  the  reflux  of  a  wave  can  be  felt.  When  the  tide  is  low,  or 
die  sea  less  agitated,  sand,  dried  by  the  sun  or  winds,  is  trans- 
ported by  the  latter  to  great  distances,  so  that  whole  districts  of 
once  fertile  land  have  been  overwhelmed  by  it. 

Such  transported  sand,  when  sufiicient  to  form  hills,  is  known 
by  the  name  of  dunes,  more  or  less  common  behind  sandy  shores 
or  beaches  over  the  globe.  A  striking  example  of  the  progress  of 
nch  drifted  sand  inland,  is  to  be  found  in  the  Bay  of  Biscay,  on 
die  eastern  shore  of  which  the  sands  have  overwhelmed  and  are 

*  We  should  be  careful,  when  we  obtain  shingles  in  various  soundings, 
to  coDflider  that  the  probability  is  as  great  of  finding  pebbles  at  the  bot- 
tom of  the  sea  as  on  the  dry  land ;  and  that  their  presence  there,  is  no 
proof  that  they  have  been  transported  by  existing  currents,  unless  it  can 
be  shown  that  the  velocity  of  tbe  existing  current  is  sufficient  to  transport 
iDch  detritus,  and  that  tbe  direction  of  the  current  is  that  which  would 
esnry  tbe  fragments  from  the  known  place  of  the  parent  rock.  Without 
sttention  to  Uiis  circumstance,  it  might  be  supposed  that  the  small  shin- 
1^  covering  the  bottom  of  the  newly  discovered  bank  off  the  north-west 
coast  of  Ireland,  were  carried  there  by  the  present  currents,  when  they 
are  quite  as  likely  to  have  been  otherwise  produced.  That  they  are  not 
now  rolled  about  to  any  extent,  is  evident  from  the  serpulae  and  other 
marine  productions  attached  to  some  of  them  brought  up  by  Captain 
Yidal,  during  his  survey,  by  the  arming  of  the  soun^g  lead. 
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continiiing  to  cover  large  tracts  of  country.  Cimer  states  the  ■ 
advance  of  these  dnnes  as  perfectly  irresistible,  forcing  lakes  of  « 
fresb  water  before  them,  derived  from  the  rains  which  cannot  find  s 
a  passage  into  the  sea.  Forests,  cultivated  lands,  and  houses  cUb*  & 
appear  beneath  them.  Many  villages  noticed  in  the  middle  ages  £ 
have  been  covered,  and,  in  the  department  of  the  Landes  aloQi^  c 
ten  are  now  threatened  with  destruction.  "  One  of  these  viUagcn^  t 
named  Mimisan,  has  been  striving  for  twenty  years  against  them;  j^ 
and  one  sand-hill,  more  than  sixty  feet  high,  may  l^  said  to  b#  ^ 
seen  advancing.  In  1802,  the  lakes  invaded  five  fine  fiinns  b»  i 
longing  to  Saint  Julien;  they  have  long  since  covered  a  Roman  {^ 
causeway  which  led  from  Bourdeaux  to  Bayonne,  and  which  was  |I 
seen,  about  forty  years  since,  when  the  waters  were  low.  The  T 
Adour,  which  was  once  known  to  flow  by  Vieux  Boueaut,  and  liH  i_ 
into  the  sea  at  Cap  Breton,  is  now  turned  aside  more  than  •  ^ 
thousand  toises*."  r 

M.  Bremontier  calculated  that  these  dunes  advance  at  the  mte   m 
of  sixty,  and  even  seventy-two,  feet  per  annxun. 

Under  favourable  circumstances,  sands,  transported  from  a  ^ 
beach  into  the  interior,  become  consolidated:  of  this  a  good  ex- 
ample is  found  on  the  north  coast  of  Cornwall,  where  the  matter  s 
thrown  up  is  formed  from  comminuted  sea-shells,  and  the  ccmso* 
lidation  is  principally  efiected  by  means  of  oxide  of  iron.  From  t 
the  drift  having  taken  place  at  different  times,  this  recent  cakft- 
reous  sandstone  is  stratified,  with  occasionally  inteiposed  vegetable 
remains.  Houses  have  been  overwhelmed,  and  human  remains 
entombed  where  churchyards  have  existed.  Mr.  Came  describes 
a  pot  of  old  coins  dug  out  of  it.  The  induration  of  this  rock  is  so 
considerable,  that  holes  are  drilled  in  it  at  New  Kay,  for  the  pur- 
pose of  securing  vessels  to  the  cliff.  It  is  also  used  for  architec- 
tural purposes,  and  according  to  Dr.  Paris  the  church  of  CrantodL 
is  built  with  it.  The  same  author  states  that  the  high  clifib  of  thit 
recent  rock,  which  extend  several  miles  in  Fistrel  Bay,  are  oce** 
sionally  intersected  with  veins  of  breccia.  "  In  the  cavities^  cal« 
careous  stalactites  of  rude  appearance,  opaque,  and  of  a  gray 
colour,  hang  suspended."  "  The  beach  is  covered  with  disjointed 
fragments,  which  have  been  detached  from  the  cliff  above,  many 
of  which  weigh  two  or  three  tonsf." 

*  Cuvier,  Dis.  sur  les  R£v.  du  Globe. 

f  Paris,  Geol.  Trans,  of  Cornwall.  Not  only  sands  but  shingle  beaches 
are  sometimes  indurated. — Captain  Beaufort  describes  a  plain  several 
miles  in  length,  near  Selinty,  coast  of  Karamania,  as  bounded  by  a  gravel 
beach,  which  has  become  consolidated  from  the  top  of  the  crest  to  some 
distance  into  the  sea ;  the  consolidation  extending  to  the  depth  of  fh)m 
one  to  two  feet,  and  being  generally  covered  with  loose  sand  and  gravely 
so  that  it  is  not  easily  observed.  The  pebbles  are  cemented  by  a  calca- 
reous paste,  and  the  whole  is  so  hard,  that  a  blow  "  more  frequently 
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Indurated  dunes  occur  in  Tarious  parts  of  the  world:  they  have 
been  noticed  by  Peron  in  New  Holland;  and  the  rock  in  which 
the  human  remains  of  Guadaloupe  have  been  found  would  appear 
to  be  similar.  These  latter  are  discovered  at  the  Port  du  Moule, 
in  an  indurated  beach  composed  of  comminuted  shells  and  corals. 
Ibe  specimen  in  the  British  Museum  is  formed  of  coral  and 
snail  pieces  of  compact  limestone,  and  in  it  Mr.  Konig  has  ob- 
mnedAiiUepora  mimacea,  madrepores,  and  shells  referred  to  Helix 
mMta  and  Turho  Pica*  According  to  Cuvier,  the  specimen  in  the 
Indin  du  Roi,  at  Paris,  exhibits  a  gangue  of  travertine  containing 
diells  of  the  neighbouring  sea,  and  terrestrial  shells,  especially  the 
BnUmuK  guadaloupentts  of  F^russac.  Near  Messina,  loose  sand 
liecomes  consolidated  on  the  beach,  and  is  used  for  building.  It 
is  itated  that  the  cavities  thus  made  are  again  filled  up  by  sand, 
idiicb  becomes  consolidated  and  used  in  its  turn. 

Dr.  Qarke  Abel  describes  a  large  bank,  rising  from  the  sea  to 
die  height  of  about  a  hundred  feet,  to  the  eastward  of  Simon's 
Town,  Cime  of  Good  Hope,  formed  of  shell  and  sand,  thrown  up 
\^  the  &£.  wind.  In  this  he  discovered  singular  cylindrical  bo- 
nes, which  resembled  bones  bleached  by  the  air.  "  On  a  closer 
B)it  examination,  many  of  them  are  found  to  be  branched;  and  others 
ae  discovered  rising  through  the  soil,  and  ramifying  from  a  stem 
beneath,  thicker  than  themselves.  Their  vegetable  origin  imme- 
diately suggests  itself,  and  is  confirmed  by  a  ^rther  inquiry.  They 
tte  seldom  solid,  their  centres  being  either  hollow  or  filled  with  a 
Uackish  granuhur  substance,  which  in  many  specimens,  except  in 
edloor,  resembles  the  substance  called  roestone  by  mineralogists. 
Their  outer  crust  is  chiefly  composed  of  a  large  proportion  of  sand 
Old  a  small  proportion  of  calcareous  matter,  and  m  many  speci- 
Aeas  contains  fragments  of  ironstone  and  quartz  an  inch  square. 
That  they  are  really  incrustations  formed  on  vegetables  which 
luive  afterwards  decayed,  is  proved  by  the  different  degrees  of 
diange  which  the  internal  parts  of  different  specimens  have  un- 
dergone. In  some  the  organization  of  the  plant  sufiiciently  re- 
mams  to  leave  its  nature  unequivocal ;  and  near  the  sea  the  very 
eommencement  of  the  process  of  incrustation  may  be  witnessed 
OB  the larg^  Act  which  strew  the  shore*". 

fractures  even  the  quartz  pebbles  than  dislodges  them  £rom  their  bed.*' 
Other  beaches  of  the  like  kind,  but  on  a  smaller  scale,  were  observed  on 
0tlier  parts  of  the  coasts  of  Asia  Minor  and  of  Greece.  Rocky  ledges  of 
t  nmiiar  nature  occur  to  the  westward  of  Sid£,  partly  above  and  partly 
■Oder  the  water.  They  contain  broken  tiles,  shells,  bits  of  wood,  and 
sdicr  rubbish.  They  are  very  hard,  and  are  cemented  by  calcareous 
matter,  probably  derived  from  some  calcareous  slate  in  the  vicinity. — 
BeaofSNTt's  Klaramania,  p.  182  and  185. 
*  Clarke  Abel,  Yoysge  to  China,  p.  308, 
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Peron's  previous  description  of  the  change  undergone  by  v^e' 
table  substances  in  similar  situations  on  the  coasts  of  Au8tn£a^ 
is  nearly  the  same.  He  considers  that  the  shells  undeigo  decom- 
position, and  form  a  cement  with  the  sand ;  and  that  the  vegeta- 
bles become  altered  and  finally  replaced  by  this  sandstone,  leaving 
nothing  to  show  its  origin  but  its  general  form.  On  our  coasts  the 
sands  tnrown  on  shore  by  the  action  of  the  sea,  and  afterwards 
drifted  by  the  winds,  are  often  comparatively  considerable.  Mr. 
Ritchie  describes  a  district  of  ten  square  miles  in  Morayshire^ 
once  termed  the  Granary  of  Moray,  as  having  been  overwhelmed. 
''This  barren  waste  may  be  considered  as  hilly;  the  accumola- 
tion  of  sand  composing  these  hills  frequently  varying  in  their 
he^ht,  and  changing  their  situation  *." 

The  following  account  by  Mr.  Macgillivray  affords  an  additionil 
example  of  the  tendency  of  coastr-seas  to  throw  even  the  subetaneei 
formed  in  them  upon  the  land.  ''The  bottom  of  the  sea,  along 
the  whole  west  coast  of  the  Outer  Hebrides,  from  Barray  Head  to 
the  Butt  of  the  Lewis,  appears  to  consist  of  sand.  Along  the 
shores  of  these  islands  this  sand  appears  here  and  there  in  patches 
of  several  miles,  separated  by  intervals  of  rock  of  equal  or  greatei 
extent.  In  some  places  the  sandy  shores  are  flat,  or  very  gentiy 
sloping,  forming  what  are  here  called  Fords ;  in  others,  behind 
the  beach,  there  is  an  accumulation  of  sand  to  the  height  of  from 
twenty  to  sixty  feet,  formed  into  hillocks.  This  sand  is  constantly 
drifting;  and  in  some  places  islands  have  been  formed  by  tlra 
removal  of  isthmi.  The  parts  immediately  behind  the  beacm  are 
also  liable  to  be  inundated  by  the  sand ;  and  in  this  manner  most 

of  the  islands  have  suffered  very  considerable  damage The 

sand  consists  almost  entirely  of  comminuted  shells,  apparently  of 
the  species  which  are  found  in  the  neighbouring  seas.  It  is  rather 
coarse  in  the  grain ;  but  during  high  winds,  by  the  rubbing  of  its 
particles  on  each  other,  a  sort  of  dust  is  formed,  which  at  a  di- 
stance resembles  smoke,  and  which,  in  the  island  of  Bemeray,  I 
have  seen  driven  into  the  sea  to  the  distance  of  upwards  of  two 
miles,  appearing  like  a  thin  white  fogf." 

It  would  be  useless  to  accumulate  notices  of  these  various  sand 
drifts,  which  often  contain  seams  of  vegetable  matter  that  have 
been  successively  covered  up,  and  of  which  sections  are  afforded  X. 

*  Notes  appended  to  Cuvier's  Theory  of  the  Earth,  by  Jameson. 

f  Ibid, 

X  Not  only  are  sand-hills  thrown  up  by  the  sea,  but  also  by  the  waves 
of  extensive  fresh-water  lakes.  Dr.  Bigsby  states  (Journal  of  Science, 
▼ol.  xviii.)  that  large  quantities  of  sand  are  thrown  up  between  the  Crags 
and  the  Otter's  Head,  on  the  east  side  of  Lake  Superior ;  and  that  frcHD 
seven  to  eleven  miles  eastward  of  the  last-mentioned  place,  there  are 
sand-hills  150  feet  in  height  In  the  same  vicinity  also,  angular  frag* 
ments,  torn  from  the  neighbouring  rocks,  are  thrown  up  in  vast  heaps. 
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II16  action  bf  the  waves  round  coasts  tends  to  disturb  the  bottom 
at  certain  depths,  and  to  move  the  shells,  sands,  and  other  sub- 
stances, of  which  this  bottom  is  composed,  towards  the  land.   The 
exact  depth  to  which  the  moving  action  of  waves  extends,  seems 
never  to  nave  been  very  accurately  estimated;  indeed,  when  we 
eonsider  that  the  power  of  the  wave  is  continually  varying,  such 
an  estimate  bectmies  exceedingly  difficidt.    Ninety  feet,  or  fifteen 
ftdiomsy  has  been  sometimes  considered  as  the  limit,  in  depth,  to 
which  this.disturbing  power  extends;  but  this  requires  confirma- 
lion.     Around  coasts  and  on  shores  which  do  not  much  exceed 
tan  or  twelve  fathoms,  the  action  of  the  waves  is  very  apparent  in 
the  discoloration  of  the  water  during  heavy  gales.    This  turbid 
character  of  the  sea  is  due  to  the  moving  power  of  the  waves  on 
the  bottom,  and  becomes  more  marked  as  the  water  becomes  more 
shallow,  either  in  approaching  the  land  or  over  shoals.    The 
transporting  power  of  the  waves  will  therefore  be  in  propor- 
tion to  the  depth  of  water  beneath  them,  the  transport  being 
greatest  in  the  shallowest  places.    The  waves  will  tend  to  throw 
nbatances  on  coasts,  because  the  off-shore  wind  produces  smaller 
waves  than  the  wind  blowing  upon  the  land.     On  shoals  distant 
from  the  land,  the  effect  will  be  somewhat  different,  and  the  piling 
or  propelling  power  will  be  greatest  on  the  side  of  the  prevalent  or 
more  violent  winds.    Shoals  will  be  also  liable  to  shift,  as  the 
tmbid  waters  on  the  crown  of  a  shoal  will  be  forced  over  on  the 
lee  side.    Accordingly,  we  do  find,  that  shoals  shift,  more  particu- 
larly when  near  the  surface,  unless  there  be  an  equal  counteracting 
efl»ct  in  a  current  or  tide.    We  may,  in  some  measure,  learn  the 
effects  of  waves  at  different  depths,  from  the  form  of  the  outer 
tahis  of  the  Digue,  or  Breakwater,  at  Cherbourg,  where  they  have, 
^    to  a  certain  extent,  arranged  the  stones,  four-fifths  of  which  are 
.\    tmaU,  in  the  manner  best  fitted  to  resist  themselves.    According 
^^    to  M.  Cachin,  there  are  four  kinds  of  taluses,  arranged  one  be- 
neath the  other.    The  upper  line  of  talus,  being  only  touched  by 
the  higher  break  of  the  waves,  presents  a  height  proportioned  to 
its  base,  as  100  is  to  185.    The  second  line,  comprising  the  whole 
.  ^     distance  between  the  line  of  high  and  low  water  at  the  equinoxes, 
and  thus  exposed  to  the  battering  power  of  the  breakers  during  the 
whole  flood  and  ebb,  is  consequently  the  most  inclined,  and  its 
I      height  is  to  its  base  as  100  to  540.    The  third  line,  being  below  the 
j      lowest  water  at  the  equinoxes,  is  only  acted  upon  during  the  first 
of  the  flood  or  the  last  of  the  ebb.     Its  height  is  to  its  base  as 

and  scattered  among  the  trees.  This  operation  must  be  greatly  assisted 
by  the  rise  of  water  consequent  on  a  westerly  gale ;  for  Dr.  Bigsby  in- 
forms us,  that  if  a  gale  from  that  quarter  lasts  more  than  a  day,  it  raises 
the  water  on  the  eastern  side  of  the  lake  to  the  amount  of  twenty  or 
thirty  feet 
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100  to302.  The  fourtliline,  or  the  base  of  aS,  not  befng  acted  cm 
by  the  waves,  maintaini  a  talus,  of  which  the  height  is  to  tile  base 
as  100  to  125*. 

The  action  of  waves  on  coasts  is  not  only  exhibitecl  by  pffiqg 
up  detritus  in  the  direction  of  their  greatest  force  on  the  shore^  hf 
which  embouchures  (drivers  are  turned  on  one  side,  but  also  bjr 
heaping  up  bars,  as  they  are  termed,  even  at  their  mouths,  res* 
denng  their  navigation  dangerous,  and  in  many  instances  pn* 
venting  it  altogether;  thousn,  behind  these  barriers,  the  riven 
may  have  considerable  depm  and  breadth.  In  some  atuatioai 
these  bars  are  partially  dry  at  low  water,  at  others  they  are  menu 
uncovered,  though  rendered  visible  by  the  breaking  ci  a  furiimi 
surf.  To  produce  examples  would  be  useless,  as  th^  are  comnot 
in  all  parts  of  the  world.  In  many  cases,  the  bars  are  fiaUe  t» 
shift,  particularly  after  a  gale  of  wind,  so  that  vessels  are  freyrentff 
lost  by  kieeping  the  direction  of  the  old  channels ;  and  it  requim 
the  constant  attention  of  pilots  to  be  aware  of  the  exact  position  sf  <■ 
the  new  passages.  - 

When  the  rivers  are  small,  the  ibrce  of  the  waves  fteqanaAf  ^ 
blocks  up  their  embouchures,  and  artificial  means  are  necessHj  \  'z 
to  permit  the  escape  of  the  pent-up  waters,  that  would  otherwist  ^ 
form  a  lake  in  the  low  country  behind.  If  the  dam  be  a  shii^  k- 
beach,  the  water  usually  percolates  through  it ;  but  if  composed  sf  i 
sand,  the  water  will  accumulate  \mtil  its  level  enables  it  to  cit  t  s 
passage  through  the  barrier  and  escape.  This  done,  the  breadi  a 
will  be  again  repaired,  and  another  accumulation  of  water  take  ■ 
place  behind,  and  so  on.  But,  in  the  mean  time,  the  level  ■ 
of  the  low  land  would  rise,  first,  by  deposition  from  the  river  M 
waters ;  and,  secondly,  dcom  the  sana  blown  over  the  bank.  1*  \ 
such  an  alluvial  land  diere  would  probably  be  found  remaine  ef 
terrestrial,  frei^-water,  and  even  marine  shells,  the  latter  womet 
broken. 

Rivers  are  deflected  from  their  courses  into  the  sea  by  beaches 
extending  from  one  side,  and  produced  by  the  winds  and  breakets; 
both  forcing  detritus  before  them,  if  it  be  composed  of  sand  or 
comminuted  shells,  while  the  latter  acts  upon  the  shingles  aloney 
except  when  light  pebbles  are  caught  up  in  the  heavier  spray, 
and  are  thus  driven  by  the  wind.  Examples  of  this  defiectioB 
may  be  seen  in  many  situations,  and  the  harbour  of  Shoreham, 
on  our  southern  coast,  is  a  marked  onef. 

Rivers,  when  thus  deflected!  from  their  courses  by  beacheny 
generally  escape  into  the  sea  by  the  sidea  of  cliffs,  which  seem  to 
give  them  such  support  that  they  can  cut  channels.. 

*  M^m.  de  TAcad^ie,  tern.  rii.  p.  413. 

f  See  Geological  Notes,  pi.  I.  fig.  2. ;  and  Phil.  Mag.  and  Annals  of 
Philosophy,  N.  S.  vol.  vu.  pL  11.  fig.  2. 
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In  tropical  eoyntries  the  brealLen  commonl j  throw  op  harrien 
^ihiflt  m  adfuice  of  the  mangrove  trees,  either  from  a  deep  bay 

*  creek^  or  at  the  mouths  of  rivers,  if  they  come  within  their 
Awnoe.  Capt  Tiickey  remarks,  that "  the  peninsula  of  Cape 
iditNi  and  Shark  Point,  which  forms  the  souur  side  of  the  estu- 
y  (of  the  Zaire),  has  been  evidently  formed  by  the  combined 
^Mwitions  of  the  sea  and  river,  the  external  or  sea  shore  being 
rmed  of  qaartzy  sand  constituting  a  steep  beach;  the  internal  or 
nr  side,  by  a  deposit  of  mud  overgrown  by  mangroves ;  and 
di  adesof  the  river  towards  its  mouth  are  of  similar  formation,. 
teneeted  by  nmnerous  creeks  (apparently  forming  islands),  in 
ddi  the  water  is  perfectly  tofrpid."  This  mangrove  tract  ap- 
m  te  extend  inland,  on  both  banks,  about  seven  or  eight  miles, 
d  k  represented  as  impenetrable.  Did  not  the  sea  pile  up  a 
rrier  against  it,  and  thus  afford  it  protection  from  its  own  at- 
:k%  it  would  be  destroyed*.  Similar  phaenomena,  thoush  on  a 
leii  smaller  scale,  are  seen  at  the  mouths  of  the  Rio  Minho,  and 
ler  rivers  in  Jamaica.  Beaches  are  accumulated  in  front  of 
lagrove  trees,  mider  somewhat  similar  circumstances,  in  the 
ne  iidand,  on  the  south  side  of  which,  particularly  near  Albion 
»te,  lakes  are  formed  on  the  inside  a£  a  shingle  beach  thrown 

by  the  sea.  The  lake  near  Albion  has  a  small  opening  in  the 
itecting  bank,  permitting  the  surplus  water  to  escape;  this 
cter  being  apparently  derived  from  the  drain  of  the  mountains 
bind,  and  the  splash  of  the  sea  during  gales.  The  moimtain 
linage  has  carried  much  mud  into  the  lake,  upon  which  man- 
we  trees  have  established  themselves.  These  by  their  roots 
tangle  various  substances,  and  form  land,  the  accumulation 
big  a  compound  of  mineral,  vegetable  and  animal  substances  f» 
much  larger  lake  of  the  same  description  is  found  under  Yallah's 
otmtain,  the  most 'projecting  part  of  the  beach  forming  Yallah's 
jintj. 

Hie  bank  called  the  Palisades,  at  the  end  of  which  stands  Port 
}ya],  Jamaica,  seems  thrown  up  by  the  action  of  the  prevalent 
eakers,  caused  by  the  sea  breezes,  or  winds  from  the  east  and 
udi-east,  which  propel  the  materials  of  the  beach  from  east  to 
!8t  This  bank  is  between  eight  and  nine  miles  long,  of  little 
nration  above  the  sea,  having  a  beach  on  the  seaward  front,, 

*  Expedition  to  the  Zaire  or  Congo,  p.  85^  This  author  furdier  ie« 
idu,  ^lat  **  small  islands  have  in  many  places  been  formed  by  the 
rrent  (of  the  river) ;  and  doubtless  in  tbe  rainy  season,  when  the 
earn  is  at  its  maximum,  these  islanda  may  be  entirely  separated  front 
banks,  and  the  entwined  roots  keeping  the  trees  together,  they  will 
It  down  the  river,  and  merit  the  name  of  floating  islands."' 

f  For  a  section  of  thi»  lake,  see  Sections  and  Views  iUustKBdiEe  oC 

iriogical  Phenomena,  pi.  35.  fig.  6. 

I  These  waters  contain  a  multitude  of  alligators.. 
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with  mangroye  trees  on  many  parts  of  the  inward  side.  If  th 
passage  between  the  western  end  of  this  bank  and  the  land  (^ 
posite  to  it  should  be  barred  up  by  a  continuation  of  the  bank, 
large  lake  would  be  inclosed,  into  which  the  Bio  Cobre  would  die 
charge  itself.  The  mangrove  trees  would  assist  in  the  formatioi 
of  new  land,  in  which  a  mixture  of  marine,  fresh-water,  and  tei 
restrial  remains  might  be  entombed. 

Mangrove  trees  adBfbrd  support  to  beaches  thrown  up  by  the  sea 
and  if  such  a  beach  originated  from  a  shoal,  there  is  always . 
tendency  to  increase  land  to  leeward  by  their  agency.  Protectioi 
being  once  afforded,  the  man^ove  trees  estabUsh  themselves,  am 
accumulate  silt,  mud,  and  dnfl-rubbish  about  their  roots.  Thuf 
support  is  afforded  to  the  original  bank,  and  new  materials  ar 
piled  upon  it  to  windward  by  the  action  of  the  breakers,  additions 
consolidation  being  produced  by  the  tropical  sea-side  creepen 
Meanwhile  the  advance  to  leeward  continues,  until  the  land  im 
mediately  against  the  beach  becoming  too  dry  for  the  support  o 
the  mangrove  trees,  others,  more  suited  to  the  new  land,  establisi 
themselves ;  and,  finally,  a  grove  of  cocoa-nut  trees  may  gradual!; 
appear*. 

Tides  and  Currents, 

The  principal  motions  in  the  waters  of  seas  and  oceans  are  pro 
duced  by  tides  and  currents ;  the  former  due  to  the  action  of  thi 
sun  and  moon,  the  latter  probably  caused  by  the  winds  and  tb 
motion  of  the  earth. 

The  streams  of  water  caused  by  tides  are  chiefly  felt  on  coasts 
while  the  currents  produced  by  winds  are  more  or  less  experience! 
over  the  whole  surface  of  the  ocean.  It  must  frequently  happei 
that  the  direction  of  a  tide  and  a  current  being  the  same,  they  ad< 
mutually  to  the  velocity  of  each  other,  while  the  contrary  arise 
with  opposed  courses. 

The  streams  of  water  produced  by  tides  and  currents  are  geo 
logically  important,  as  they  may  be  the  means  of  distributing  th* 
detritus  denved  from  the  land  over  spaces  at  a  greater  or  less  di 
stance  from  the  shore ;  their  power  of  affecting  this  being  propoi 
tioned  to  their  velocity  and  depth. 

*  For  a  section  of  such  an  island  near  Jamaica,  see  Sections  and  View 
illustrative  of  Geological  Phenomena,  pi.  36.  fig.  2. 

According  to  M.  Gutsmuth,  the  great  band  of  alluvial  matter,  depo 
sited  -by  the  sea  for  a  distance  of  200  miles  between  the  Maranon  an« 
Oronoco,  is  increased  by  the  mangrove  trees,  which,  when  the  deposit 
still  continue  submerged,  advance  into  the  shallow  sea  and  soon  fom 
woods.  (Hertha,  vol.  ix.  1827.)  In  this  and  similar  cases  we  may  con 
sider  that,  from  the  shallowness  of  the  sea,  heavy  breakers  cannot  reacl 
the  mangrove  trees,  and  therefore  a  be^ch  is  not  thrown  up  agains 
them. 
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Tides. 


He  Telocity  of  a  stream  of  tide  depends  on  the  obstacles  it  en- 

eoanton.  These  obstacles  generally  present  themselves  in  the  form 

flf  projecting  headlands,  a  gradually  diminishing  channel,  or  a 

Boop  of  islands  and  shoals.     In  the  former  case  the  velocity  of 

K  ode  is  considerably  increased  roimd  the  opposing  capes,  gra- 

Uly  diminishing  to  its  usual  rate  at  a  short  distance  on  either 

ii^  or  in  the  offing.    The  English  Chaimel  will  present  us  with 

may  examples,  more  or  less  striking,  according  to  circumstances. 

Isund  the  Start  and  the  Bill  of  Portland  the  tides  nm  exceedingly 

ttoig,  causing  dangerous  Races  when  opposed  to  the  winds.   But 

thne  considerable  streams  of  tide  are  merely  local ;  for  in  the  bays, 

od  at  a  short  distance  out  at  sea,  the  velocity  of  the  tides  does 

BOt  exceed  a  mile  and  a  half  or  two  miles ;  while  at  the  headlands 

ibove  noticed,  it  frequently  flows  at  the  rate  of  four  or  five  miles*. 

Goierally  speaking,  the  increased  velocity  of  the  tidal  stream 

lamd  capes  is  in  proportion  to  the  body  of  water  forced  into  the 

htys  of  which  they  form  the  extreme  points. 

The  greatest  ol»tacle  opposed  to  the  tidal  wave  flowing  up  the 
English  Channel,  is  the  great  bight  on  the  west  of  Cap  la  Hague, 
there  we  find  innumerable  islands  and  rocks,  of  which  the  prin- 
mal  are  Chiemsey,  Jersey,  and  Aldemey.  The  stream  of  flood 
bemg  completely  opposed  to  the  line  of  coast,  and  pent-up  by  the 
idands  and  rocks,  it  rises  to  a  very  considerable  height,  and  es- 
opes  through  the  Race  of  Alderney,  between  the  island  of  the 
nme  name  and  the  main  land,  with  a  velocity  of  seven  miles  an 
boor.  It  continues  to  run  with  great  rapidity  round  Cap  Barfleur, 
gradually  decreasing  in  strength  until  the  general  level  is  restored. 
Some  idea  may  be  formed  of  the  variation  in  the  Channel  level, 
caused  by  this  obstacle,  by  the  diflerences  in  the  rise  of  tide  ob- 
served between  the  mouth  of  the  Channel  and  the  Straits  of 
Dover. 

The  perpendicular  rise  of  tide  on  each  side  of  the  mouth  of  the 
Channel  is  nearly  the  same,  being  twenty-one  feet  at  Ushant,  and 
twenty  feet  at  the  Land's  End.  In  the  great  bight  or  bay  west 
of  Cap  la  Hague,  the  tide  rises  forty-five  feet  between  Jersey  and 
St  Maloes,  and  thirty-five  feet  at  Guernsey.  At  Cherbourg  this 
great  elevation  of  the  level  is  diminished;  the  tide  there  rising 
about  twenty-one  feet.  On  the  opposite  side  of  the  Channel,  on 
the  English  coast,  the  perpendicular  rise  of  the  tidal  wave  is 
comparatively  trifling,  being  thirteen  feet  at  Lyme  Regis,  seven 
feet  m  Portland  Road,  fifteen  feet  at  Cowes,  and  eighteen  feet  at 
Beachy  Head.    Therefore,  the  elevated  level  of  the  Guernsey  and 

*  All  the  miles  mentioned  in  the  following  notice  of  tides  and  cur- 
rents are  nausea],  sixty  being  equal  to  one  degree. 
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Jersey  waters  produces  no  perceptible  effect  on  the  £ngliah  coeit  i 
opposite.  Between  Beachy  Head  and  Dover,  there  is  a  rise  of  \ 
twenty-four  feet  on  the  west  of  Dungeness,  and  twenty  fed  rt  I 
Folkestone.  On  the  opposite  coast  there  is  a  rise  of  twenty  6q(  .i 
at  Havre,  nineteen  feet  at  Dieppe,  and  nineteen  feet  at  Bou£)giMi  |i 
The  tides  are  twenty  feet  at  Dover,  and  nineteen  feet  at  Cdais.      } 

The  Bristol  Channel  is  a  familiar  example  of  a  high  rise  of  tide  i 
caused  by  a  gradually  contracted  channel,  at  the  end  of  wbiA  i 
there  is  no  outlet  At  St  Ives,  Cornwall,  the  perpen^cular  riit  i 
of  the  spring  tides  is  eighteen  feet,  of  the  neap  tides  fourteen  fiscft*.  :( 
At  Padstow  the  tide  rises  twenty-four  feet;  at  Lundy  Idand,  tfan^l  ji 
at  Minehead,  thirty-six ;  at  King  Road,  near  Bristol,  from  fiir^  n 
six  to  fifty;  and  at  Chepstow,  about  the  same.  )i 

The  difference  of  level,  produced  by  obstacles  to  the  tide,  ^^  j 
markably  exhibited  on  each  side  of  the  isthmus  separating:  Noft  | 
Scotia  from  the  main  land  of  North  America.     In  the  Bay  rfltj 
Fundy,  on  the  south  side,  the  tides  have  a  very  considerable  liMjl  -f 
amounting,  according  to  Des  Btores,  to  sixty  and  seventy  feetife^] 
the  equinoxes ;  while  on  the  northern  side,  in  Bale  Verte,  tbcf 
rise  and  fall  only  eight  feet    The  tidal  stream  is,  as  mi^htbe< 
pected,  very  rapid  in  these  gradually  diminished  channels,  pazti*^ 
cularly  where  the  rise  and  fall  is  most  considerable.    This  unusml 
rapidity  ceases  by  degrees  as  we  approach  the  mouths  of  sudb  \\ 
channels,  and  arrive  at  the  more  common  levels.  ii 

From  the  great  diversity  in  the  line  of  coasts,  innumerable  mo-  i 
difications  are  effected  in  tidal  streams,  causing  them  to  flow  witik  i 
augmented  or  diminished  velocity.  As  such  streams  are  only 
visible  on  coasts,  it  seems  fair  to  infer  that  the  effects  produced 
by  them  do  not  extend  to  any  considerable  distance  beyond  the 
land. 

The  tide  in  the  ofiing,  and  the  tide  along  shore,  do  not  exactly 
correspond,  the  flood  tide  continuing  in  the  oiflnff  some  time  after  ] 
the  ebb  has  commenced  on  shore ;  the  ebb  tide  the  same.     It  has    I 
been  stated  that  **  the  length  of  time  between  the  changes  of  the    i 
tide  on  the  shore  and  the  stream  in  the  offing,  is  in  proportion  to    ' 
the  strength  of  the  current  and  the  distance  from  the  land;  thai 
is,  the  stronger  the  current,  and  the  greater  the  distance  that  the 
current  is  from  the  land,  the  longer  it  wiU  run  after  the  change 
on  the  shore  f." 

Among  the  small  islands  of  the  Pacific  Ocean  the  tide  riset 
about  two  feet,  there  being  no  great  range  of  coast  near  them  ta 

*  The  rise  of  tide  at  St  Ives  is  sometimes  stated  at  twenty-two  feet 
f  Purdy,  Atlantic  Memoir,  1829.     In  the  same  work  it  is  stated  that 
**  the  time  which  the  flood-stream  runs  in  the  middle  of  the  English 
Channel  after  the  time  of  high  water  on  shore,  is,  westward  of  the  me- 
ridian of  Portland,  about  three  hours ;  but  to  the  eastward,  off  Beachy 
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m  %  P'^  ^^^^^'  ^^  ^^®  isbuidi  of  the  Atlantic  Ocean 
DM^fi^^^^^g  at  the  Axores  from  fix  to  seven  feet;  at 
liln>ae^^r^ ;  among  the  Canaries,  eight  or  ten ;  at  the 
pVfribiM*^  ^m  four  to  six;  at  the  Bermudas,  fiye  or  six ; 
llHckiia  tbxee  «  ^  Fernando  Noronho  six;  and  at  Tristan 
iCoha  «gbt  otw  feet, 

lleitieamoi  tide  along  a  coast  is  greatly  increased  at  the  time 
M  iB^  ^^  ^<Hm,  so  wat  at  spring  tides  the  current  often  mna 
iUle  d|e  rate  experienced  at  neap  tides.  The  transporting 
■Mr  of  tidal  streams  is  therefore  perpetually  chamrinir,  inde- 
p^€tAe nrUon.  produced  br  wi^  uD^n  theiT" 

Ahi  Tsrioof  cirramstances  the  tides  of  flood  and  ehb  are  som^ 
ha  saeooaL  Thus,  at  tiie  Land's  End  the  flood  runs  nine  hours 
lieaorto,  and  the  ebb  three  to  the  south.  In  the  expedition 
liir  Ci|»tsio8  Parry  and  Lyon,  it  was  found  that  in  the  higher 
ktaf  Davis's  Straits  the  flood  tide  set  from  the  ncnrth  at  the  rate 
hw  miles  an  hour  for  nine  hours,  the  tide  of  ebb  making  only 

imrent  setting  into  the  Straits  of  Malacca,  during  part  of  the 
^caases  the  tide  to  run  nine  hours  one  way  and  three  hours 
lAer.  The  tides  are  irregular  through  the  Straits  of  Banca, 
lao  easterly  wind.  The  My  sets  to  the  northward  for  sixteen 
%  while  the  flood  only  lasts  eight  hours.  In  common  tides 
I  are  two  floods  and  two  ebbs  in  twenty-eight  hours  in  these 
i^  the  duration  of  which  is  in  some  sort  reffulated  by  tiie 
\:  the  flood  lasts  six  hours,  and  the  ebb  eight  hours ;  or  there 
re  hours  flood,  and  nine  hours  ebb. 

I  tides  are  yery  trifling  land  irregular  in  the  West  Indies^ 
ps  owing  to  tiie  accumulation  of  water  pent  up  by  the  equa- 
corrent  and  trade  winds.  At  Vera  Cruz  there  is  only  one 
twenty-four  hours,  and  that  irregular.  Among  these  islands 
le  varies  in  perpendicular  rise  from  a  few  inches  to  two  feet 
» feet  and  a  half.  The  stream  or  current  produced  by  them 
»nsequendy  be  yery  trifling. 

oretically,  all  bodies  of  water,  ereaa,  large  fresh-water  lakes, 
ic^;  but  they  are  so  insignificant  that  inland  seas,  such  at 
MBterranean  and  Black  Seas,  are  generally  termed  tideless. 
!  current  setting  into  the  Mediterranean  from  the  Atlantic 
ewhat  modified  by  the  tides.  In  the  middle  of  the  Straits 
araltar  the  current  sets  eastward ;  on  each  side,  howeyer, 
•d  tide  sets  to  the  westward. 


only  one  hour  and  three  quarters.  In  the  oflbig,  between  the 
ma  of  Dungeness  and  Folkestone,  the  North  Sea  and  Channel  tides 
n  Beet ;  and  the  ebb  of  the  one  uniting  wttii  the  flood  (^  the  other, 
m  easterly  direction  off  the  French  coast,  more  than  four  hours 
ig^  water  on  the  weMtem  shore  of  Dungeneaa."  p.  ^^ 
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**  On  the  European  side,  west  of  the  island  of  Tarifa,  it  is  lugb 
water  at  11**,  but  the  stream  without  continues  to  run  until  2^ 
On  the  opposite  shore  of  Africa,  it  is  high  water  at  10^,  and  dw 
stream  without  continues  to  run  until  one  o'clock ;  after  which 
periods  it  changes  on  either  side,  and  runs  eastward  with  the  ge- 
neral current.  Near  the  shore  are  many  changes,  counter  ciu^ 
rents  and  whirlpools,  caused  by  and  varying  with  the  winds.  Nes 
Malaga  the  stream  runs  along  shore  about  eight  hours  each  way. 
The  flood  sets  to  the  westward*." 

The  strongest  tides  of  which  I  can  find  mention,  occur  amoM 
the  Orkney  and  Shetland  Isles,  and  through  the  Pentland  Fiilk 
between  the  main  land  of  Scotland  and  the  former.  The  flooi 
comes  from  the  north-west,  and  is  not  of  unusual  strength  untfl  i 
encounters  the  obstacles  of  the  islands  and  main  land.  The  tiid4 
change  near  the  shores  sooner  than  at  a  distance  from  them.  Hi 
difference  of  time  varies  according  to  situation,  amounting  in  soaf 
places  to  two  or  three  hours.  The  velocity  of  the  tide  throqA 
Stronsa  Frith  is  about  five  miles  an  hour  during  spring  tides,  a^ 
a  mile  or  a  mile  and  a  half  at  neaps.  In  North  Ronaldsha  Fxtth 
the  springs  run  at  five  miles  an  hour ;  the  neap  tides  at  one  mill 
and  a  half.  The  flood  divides  near  the  shore  at  Fair  Isle,  formiq| 
a  large  eddy  on  the  east  side.  The  springs  here  run  six  miles  ift 
hour,  the  neaps  two.  These  tides  increase  in  velocity  when  sw 
ported  by  the  winds.  The  most  rapid  stream  of  tide  occurs  atui 
rentland  Frith,  its  velocity  being  nine  miles  an  hour  during  Al 
springs,  though  it  runs  only  three  miles  an  hour  at  neap  tides.     ' 

Tides  in  Rivers  and  Estuaries. — These  are  necessarily  mnoh 
modified  by  circumstances ;  but,  generally  speaking,  the  tide  d 
ebb  is  stronger  than  the  flood,  from  the  body  of  fresh  water  beiqf 
pent  up  by  the  flood,  to  which  the  rivers  must  always  present  • 
certain  resistance,  proportioned  to  their  velocity  and  abundance  ol 
water ; — the  greatest  resistance  to  the  flood,  and  increased  velocity 
of  the  ebb,  being  during  freshets,  or  when  the  rivers  have  a  sur* 
charge  of  water  produced  by  rains  in  the  interior. 

When  the  flood  tide  takes  place  in  rivers  of  suflicient  deptii,  dM 
first  operation  of  the  tide  appears  to  be  that  of  a  wedge,  elevatia^ 
the  fresh  water  from  its  inferior  specific  gravity  to  a  higher  l6?al 
The  flood  gradually  opposes  greater  resistance  to  the  outflow  of 
the  river,  and  in  the  end  succeeds  in  damming  it  up.  I  hav# 
foimd  many  fishermen  aware  of  this  *' creeping,"  as  they  bafs 
termed  it,  of  the  salt  water  beneath  the  fresh  at  tiie  conunence* 
ment  of  the  flood,  and  have  seen  a  rise  of  five  or  six  feet  caused  m 
water  in  the  higher  parts  of  tidal  rivers,  while  the  water  so.  raised 
has  continued  perfecUy  fresh  at  the  suriface. 

At  the  ebb,  if  the  fresh  or  river  waters  be  abundant,  they  wil^ 

*  Purdy,  Atlantic  Memoir,  p.  90.   The  tide  rises  three  feet  at  Malaga. 
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er  the  salt  water  has  been  discharged,  flow  over  the  salt  water 
greater  or  less  distances  from  the  shore  according  to  circum* 
Dces.  After  the  rains,  a  strong  freshet  sets  down  the  Senegal, 
1  a  powerful  current  of  fresh  water  runs  some  distance  out  at 
.  Masters  of  vessels  crossing  this  stream  have  been  surprised 
the  sudden  increased  draught  of  their  ships,  caused  by  their 
nmce  into  a  fluid  of  inferior  specific  gravity. 
Captain  Sabine  states,  that  while  proceeding  in  his  voyage  from 
nanham  to  Trinidad,  on  September  10,  1822,  the  general  cur- 
it  running  at  the  great  rate  of  ninety-nine  miles  in  twen^-four 
DB  (more  than  four  miles  per  hour),  they  crossed  discoloured 
ler  in  5*^  08'  N.  lat,  and  50°  28'  W.  long.  He  considers  this 
ker  as  that  of  the  river  Amazons  or  Maranon,  which  had  pre- 
red  its  original  impulse  three  hundred  miles  from  its  embou- 
ixe,  having  flowed  over  the  waters  of  the  ocean,  from  its  less 
cific  gravity.  The  line  between  the  ocean  water  and  disco- 
red  water  was  very  distinct,  and  great  numbers  of  gelatinous 
rine  animals  were  floating  on  the  edge  of  the  river  water.  The 
iperature  of  the  ocean  water  is  stated  as  =81^*1,  and  that  of 
supposed  river  water  =8 1^*8,  both  near  the  division  line: 
le  specific  gravity  of  the  former  was  1*0262,  and  of  the  latter 
204."  From  experiments  made,  the  depth  of  the  discoloured 
ber  was  superficial,  and  did  not  amount  to  126  feet.  There 
8  no  bottom  at  105  fathoms.  In  this  discoloured  water  tho 
p  was  set  N.  38°  W.,  sixty-eight  miles  in  twenty-four  hours, 
rather  less  than  three  miles  per  hour.  The  western  side  of  the 
ih  water  was  graduallv  lost  m  that  of  the  sea.  Captain  Sabine 
rifautes  the  unusual  veloci^  of  the  ocean  current,  of  ninety-nine 
les  per  day,  to  the  obstacle  which  this  fresh-water  current  op- 
les  to  it*. 

*  Experiments  to  determine  the  Figure  of  the  Earth. 
We  have  other  accounts  of  discoloured  waters  in  the  Atlantic,  which 
old  render  it  necessary  that  the  specific  gravity  and  relative  freshness 
tSsaply  discoloured  waters  should  always  be  ascertained,  as  was  done 
Captain  Sabine,  before  we  can  be  certain  that  waters  even  flowing  in 
I  necessary  direction  were  derived  from  rivers.  Captain  Cosm6  de 
anmca  states,  that  128  leagues  to  the  eastward  of  St.  Lucia,  and  150 
die  N.E.  of  the  Orinoco,  there  is  always  discoloured  water  as  if  on 
Hidings,  but  there  is  no  bottom  at  120  &thoms.  The  same  appearances 
i  observed  about  seventy  or  eighty  leagues  to  the  eastward  of  Barbadoes. 
anboldt  notices  a  place  in  the  latitude  of  Dominica  at  about  55^  W. 
igitade,  where  the  sea  is  constantly  milky,  although  it  is  very  deep ; 
d  seems  to  think  that  there  may  possibly  be  a  volcano  beneath  it. 
|rtain  Tuckey  observed  the  same  kind  of  milkiness  upon  entering  the 
ilf  of  Guinea;  but  considered  it  due  to  multitudes  of  Crustacea  which 
nre  caught,  and  which  produced  great  luminosity  at  night. 
Sir  Gore  Ouseley  mentions  that  on  February  12,  1811,  wlieti  oS  ^^ 
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• 

In  the  riyer  St  Lawrence  we  liaye  a  strikii^  example  of 
superior  velocity  oi  the  ehh  tide  to  the  flood.     ^  At  toe  Isktf 
Coudre,  in  spring  tides,  the  ebb  runs  at  the  rate  of  two  kn 
The  next  strongest  tide  is  between  Apple  and  Basque  Isles; 
ebb  of  the  river  Saguenay  uniting  here,  it  runs  full  seven  knot0 
luring  tides ;  yet,  ^though  the  ebb  is  so  strong,  the  flood  is  scares 
perceptible;  and  below  the  Isle  of  Bic  there  is  no  appearance 
A  flood  tide*." 

The  great  difference  in  the  ebb  and  flood  of  river  tides  must  • 
pend  on  many  local  causes,  but  be  principally  in  proportion  tofl 
perpendicular  rise  of  tide  on  the  one  side,  and  the  mass  of  fiMi 
water  on  the  other.  The  flood  tide  sets  up  many  rivers  so  suddei^ 
as  to  cause  a  wave  ot  greater  or  less  magnitude,  accordii^ 
circumstances,  called  the  bore,  appearing  as  if  the  flood  suddea 
overcame  the  resistance  of  the  ebb.  The  bore  of  the  Granges 
very  considerable.  According  to  Major  Rennell,  it  "  commene 
at  Hughly  Point,  below  Fulta,  the  place  where  the  river  first  c« 
tracts  itself,  and  is  perceptible  above  Hughly  Town;  and  so  quia 
is  its  motion,  that  it  hardly  employs  four  hours  in  travelling  hm 
one  to  the  other,  although  the  distance  is  near  seventy  miles.  4 
Calcutta,  it  sometimes  causes  an  instantaneous  rise  of  five  feet 
and  both  here  and  in  every  other  part  of  its  track,  the  boats  M 
its  approach  immediately  quit  the  shore,  and  make  for  safety  il 
the  middle  of  the  riverf ." 

According  to  Romme,  there  is  a  considerable  bore  at  the  mood 
of  the  Amazons  or  Maranon  during  three  days  at  the  equinozei 
It  is  observed  between  Maracaand  the  North  Cape,  and  (^positedM 
mouth  of  the  Arouary.  A  wave  of  twelve  or  fifteen  feet  in  henii 
is  suddenly  formed,  and  is  followed  by  three  or  four  others,  lltf 
advance  of  this  bore  is  exceedingly  rapid,  and  the  noise  caused  I9 
it  is  stated  to  be  heard  at  the  distance  of  two  leagues.  It  oceupiei 
the  whole  breadth  of  the  river,  and  in  its  progress  carries  aU  before 


Arabian  shore,  a  partial  line  of  green  watery  such  as  generally  indicate! 
shallows,  and  perfectly  different  from  the  blue  of  a  deep  sea,  was  per* 
ceived  extending  considerably.  It  appeared  eight  or  nine  miles  frofli 
the  land.  The  change  from  the  blue  to  the  green  waters  was  suddeHi 
60  that  the  ship  was  in  green  and  blue  waters  at  the  same  time.  Harioi 
entered  the  green  water  they  sounded,  and  found  bottom  at  seventj* 
nine  ^thorns;  proving  that  the  change  of  colour  was  not  due  to  a  shoal; 
for  previous  to  entering  this  water  they  sounded  in  the  blue  water,  and 
found  sixty-three  fathoms,  so  that  the  blue  was  more  shallow  than  thf 
green  water.  This  was  observed  not  far  from  the  Persian  Gulf. — Sh 
Gore  Ouseley,  Travels,  vol.  i. — In  this  case  there  was  no  great  river  neai 
to  produce  the  difference  of  colour.  "  Green  Sea  "  is  the  name  given  U 
the  Persian  Gulf  by  eastern  geographers. 
*  Purdy,  Atlantic  Memoir,  p.  91.  f  Phil.  Trans. 
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it  lun  passed  tbe  banks  into  deeper  and  wider  water,  where 
.  M.  I>e  la  Condamine  has  deserihed  this  phsenomenon, 
observed  that  there  are  two  opposing  currents  during  the 
( niperficial,  the  other  deep.  There  are  abo  two  supers 
rents,  one  setting  by  the  shore  on  each  side,  while  a  cen- 
retarded  current  descends.  Tides  are  stated  to  be  felt 
red  leagues  up  the  Amazons,  so  that  there  are  several  in 
at  the  same  time,  and  the  surface  of  the  water  for  that 
brms  an  undulating  Hne. 

ist  curious  bore  which  I  find  recorded,  was  observed  by 
Port  Commandant  at  Cayenne :  he  states,  that  "  the  sea 
feet  in  less  than  five  minutes  in  the  Turury  Channel, 
ary ;  that  this  suddenly  elevated  water  constitutes  the 
of  tide,  the  ebb  immediately  taking  place,  and  running 
velocity*." 

aire  or  Congo  we  have  an  example  of  the  comparatively 
t  of  the  tide  upon  a  large  body  of  fresh  water  discharged 
ient  velocity.  Notwithstanding  the  aid  of  Massey's 
x)ttom  was  not  found  in  Tuckey's  expedition  at  119 
mid-channel  and  at  the  mouth,  and  the  stream  ran  at 
'  four  and  five  miles  an  hourf .  This  stream  became 
t  not  overcome  in  mid-channel,  and  the  tide  only  pro- 
iter  currents  near  the  shore.  The  rise  of  water  is  felt 
drty  and  forty  miles  up  the  river.  AQuvial  land  is 
forming  into  flat  islands,  which  are  covered  by  man- 
and  pap3nrus,  and  are  often  partially  or  wholly  carried 
r  into  the  ocean  t>  Professor  Smith  describes  a  floating 
kind  which  he  saw  further  north  off*  the  coast  of  Africa; 
rat  120  feet  long,  and  consisted  of  reeds  resembling  the 
i  a  species  oi  Agrostis?  among  which  were  still  grow- 
ranches  oi  Jti8tic%a%" 

CurrenU, 
are  sometimes  classed  as  constant,  periodical,  and 

it  current  which  flows  from  the  Indian  Ocean  roimd 
'  Good  Hope,  up  the  coast  of  Africa  to  the  equatorial 
ence  it  strikes  across  the  Atlantic  to  the  West  Indies, 
d  a  constant  current,  produced  by  the  tropical  or  trade- 
ited  by  the  motion  of  the  earth.  The  current  having 
these  means,  a  body  of  water  to  the  continent  of  Ame- 
;h  which  it  cannot  escape,  passes  up  through  the  chan- 

:  Vents,  Maries  et  Courants  du  Globe,  torn.  ii.  p.  303. 
teen  sivce  supposed  that  this  stream  had  greater  velocity. 
*s  Expedition  to  the  Zaire  or  Congo.  \  Ibid.  "^  ^^%* 


92  OurrnUi. 

nel  offered  it  at  the  Straits  of  Florida,  flows  connderably  to 
northward,  and  then  bends  to  the  eastward,  and  south-east, 
its  course  to  the  west  coast  of  Europe  and  the  upper  part  of 
It  is  considered  that  the  hitter  division  of  the  current  afain 
with  the  northern  portion  of  the  equatorial  current,  and  agaiik. 
verses  the  Atlantic. 

Between  Cape  Bassas  in  Africa  and  the  Laccadives  or 
there  is  a  constant  current  to  the  westward,  mostly  to  the 
or  W.S.W.    Its  rate  is  supposed  to  be  from  eight  to  twelve 
per  day.    The  current  south  of  the  equator,  in  the  Indian 
runs  to  the  west    During  the  N.E.  monsoon  the  currents 
Mosambi(^ue  Channel,  run  to  the  south  along  the  African 
and  even  m  the  offing ;  their  usual  velocity  being  about  sevi 
eight  leagues  in  twenty-four  hours.    On  the  coast  of  Mi  ~  _ 
the  currents  take  an  opposite  direction,  and  set  towards  the  11.4 
At  the  southern  extremity  of  Africa,  ihe  currents  set  rouncft 
bank  of  Agulhas,  or  Lagullas  as  it  is  more  commonly  term.! 
bank  of  considerable  extent,  the  soundings  in  which  are  d< 
as  mud  to  the  westward  of  Cape  Lagullas,  and  iand  to  the 
ward,  the  latter  containing  numerous  small  shells.    RenneHj 
forms  us  that  this  current  is  strongest  during  the  winter,  and  I 
the  outer  verse  of  the  stream  runs  into  39°  S.  before  it  toilH^ 
the  northward,  after  which  it  proceeds  slowly  along  the  wi 
coast  of  Africa  to,  and  even  beyond,  the  equator*.    The 
velocity  of  the  current  round  the  bank  is  not  stated ;  but  it  a} 
that  one  vessel  was  carried  by  it  one  hundred  and  sixty 
five  days,  or  thirty-two  miles  per  dayf. 

Beyond  St.  Helena,  the  current  above  noticed  unites  with 
equatorial  current  of  the  Atlantic,  and  sets  across  from  the 
opic  sea  to  the  West  Indies.    The  velocity  of  this  current  hat] 
been  well  ascertained,  but  is  generally  considered  as  about 
mile  and  a  half  per  hour,  increasing  as  it  proceeds  westward* 
setting  off  the  coast  of  Guyana  at  the  rate  of  two  or  three 
per  hour.     Captain  Sabine  states  that,  sailing  from  Maranham 
1822,  and  entering  the  current,  he  estimated  it  as  running  at  iMi^ 

if- 

*  Captain  Tuckey  in  his  expedidon  to  the  Zaire  or  Congo,  fomili:^ 
current  seUing  to  the  N.N.W.  after  making  St  Thomas  off  the  Afrk^'^ 
coast.     Its  velocity  was  thirty-three  miles  in  twenty-four  hours.  ;., 

t  As  the  current  round  the  Lagullas  Bank  evidently  confonns  to  ^ 
bank,  we  may,  perhaps,  consider  that  it  there  has  considerable  deplkj[   * 
that  is,  a  depth  equal  to  about  sixty  or  seventy  fathpms.    But  of  tUi    ' 
we  cannot  be  quite  certain,  for  we  do  not  know  to  what  distance  water    * 
thrown  off  by  the  bank  at  lesser  depths  may  be  carried  round  it.  '    i 

There  is  an  easterly  or  counter  current  which  sets  to  the  south  of  tUt 
main  current     Capt  Horsburgh  mentions  having  been  carried  by  it  at 
the  rate  of  20  to  30  miles  in  24  hours ;  and,  in  two  instances,  at  the  nta 
ofdO  mlJes  in  the  same  time. 
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ililerfniM^Hune  miles  in  twenty-four  honn,  or  a  little  more 
1 1  !■  fRflrmues  per  hour.  The  central  direction  of  this  current  is 
*■  M.W. 

'Oi  die  Cobmhian  coast,  from  Trinidad  to  Cape  la  Vela,  the 

■Roti  sweep  the  frontier  islands,  inclining  something  to  the 

wlkf  leeordiiig  to  the  strait  they  come  from,  and  running  about  a 

ibiDdahslf  sn  hour  with  little  difference.  Between  the  islands 

Vltfe  eoatt,  and  particularly  in  the  proximity  of  the  latter,  it 

hken  leinsrked,  that  the  current  at  times  runs  to  the  west, 

dit  otlien  to  the  east.     From  Cape  la  Vela,  the  principal  part 

Tie  einrent  runs  W.N.W;  and,  as  it  spreads,  its  velocity  di- 

'■iei:  there  is,  however,  a  branch  which  runs  with  the  velo- 

jrf  8  mile  an  hour,  directing  itself  towards  the  coast  about 

ihkgeiuL    From  this  point,  and  in  the  space  of  sea  compre- 

llried  between  14^  of  latitude  and  the  coast,  it  has  however  been 

fiuied,  that  in  the  dry  season,  the  current  runs  to  the  westward, 

[■Im  the  season  of  rains  to  the  eastward  *." 

^  Jt  ii  asserted,  that  there  is  a  constant  stream  entering  the 

fhSaaa  Gulf  by  the  western  side  of  the  channel  of  Yucatan ; 

'dbt  there  is  commonly  a  re-flow  on  the  eastern  side  of  the 

i  channel  around  Cape  Antonio  f . 

*fti  the  northern  coasts  of  St.  Domingo  and  Cuba,  in  the  wind- 

W  passages,  at  Jamaica,  and  in  the  Bahama  passages,  the  cur- 

kk  ameBi  variable,  their  greatest  observed  velocity  being  about 

'n  miles  per  hour. 

Ae  accumulation  of  water  in  the  Caribbean  and  Mexican  seas 
fas  not  raise  the  level  of  those  seas  so  much  as  was,  perhaps, 
ttee  supposed.  The  difference  of  level  observed  by  Mr.  Lloyd, 
hUi  researches  on  the  Isthmus  of  Panama,  between  the  Mexican 
fti  and  Pacific  Ocean,  was  in  favour  of  the  greater  height  of  the 
hofic  Ocean  by  3.52  feet, — an  unexpected  result ;  but  the  mea- 
■ements  were  conducted  with  such  care,  that  we  can  scarcely 
ImbCit.  The  high-water  mark  at  Panama  is  13*55  feet  above 
ih-water  mark  of  the  Atlantic  at  Chagres;  but  from  the  differ- 
lee  in  the  tides  on  each  side  the  isthmus,  the  Pacific  is  lower 
■n  the  Atlantic  at  low  water  by  6*51  feet  j.  If  we  consider  the 
idy  of  water  pent  up  by  the  effects  of  currents  over  so  large  a 
■ee  as  the  Mexican  Sea  at  eight  feet,  or  even  less,  above  the  At- 
ntic  Ocean,  we  need  not  be  surprised  at  the  velocity  of  the  cur- 
at produced  by  its  escape  through  the  Straits  of  Florida. 
If  the  temperature  of  tne  waters,  heated  in  the  Gulf  of  Mexico 
id  Caribbean  Sea,  be  greater,  as  we  know  it  is,  than  that  of  the 
Iters  north  of  the  tropics  through  which  the  Gulf  stream  flows,  the 

*  Pnrdy,  Atlantic  Memoir,  translated  from  the  "  Derrotero  de  Us  An- 
\auL  :  Plul.  Tnna.  U^Q. 
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specific  gravity  of  the  former  waters  will  be  lesSi  and  conueqoeniijf 
they  will  flow  onwards  over  the  colder  waters  or  those  of  greatar 
specific  gravity,  precisely  as  river-water  flows  out  to  sea  ov)ertihi|t 
of  the  ocean,  and  will  continue  to  do  so  until  their  progress  bt 
gradually  checked  and  finally  stopped. 

From  a  mass  of  information  that  has  been  collected,  it  nppnm 
that  the  Gulf  stream  varies  considerably  in  breadth,  lengtn,  imi 
velocity.  It  has  been  found  that  winds  much  affect  the  cumi^ 
diminishing  its  breadth  and  augmenting  its  velocity,  or  augmsifr 
ias  its  breadth  and  diminishing  its  velocity.  ^ 

In  mid-channel,  on  the  meridian  of  the  Havanna,  the  direeCk| 
is  E.N.E.,  and  the  velocity  about  two  miles  and  a  half  per  hifl|i 
Off  the  most  southern  parts  of  Florida,  and  at  about  one  mird  (mf^ 
from  the  Florida  Reefs,  it  runs  at  the  rate  of  about  four  milai  fit' 
hour.  Between  Cape  Florida  and  the  Bemini  Isles  it  runs  to  dif 
N.  by  £.,  with  a  velocity  of  more  than  four  miles  an  hour.  Hi ; 
stream  is  weak  on  the  Cuba  side,  and  sets  to  the  eastward. 

A  re-flow  or  counter  current  sets  down  by  the  Florida 
and  Kays  to  the  S.W.  and  W.,  and  by  its  aid  many  small 
have  made  their  passages  from  the  northward  *.    To  the  nordir 
ward  of  Cape  Canaveral  there  is  no  stream  of  tide,  along 
southern  coast  of  the  United  States,  further  from  the  shore  i 
in  ten  or  twelve  fathoms  of  water ;  from  that  depth  to  the  e^ 
soundings,  a  current  sets  to  the  southward  at  the  rate  of  a  mw  M) 
hour ;  out  of  soundings,  the  Gulf  stream  is  found  setting  to  tivi 
northward  f.    It  is  also  stated  that  there  is  a  re-flow  or  coantff) 
current  on  the  eastward  of  the  stream.  j 

Capt.  Sabine  remarks,  that  in  the  latter  part  of  1822  the  veM 
city  of  the  current  after  passing  Cape  Hatteras  was  seventy-sevM  1 
miles  per  day  j.  RenneU,  considenng  the  force  of  the  stream  tf 
determined  at  different  points,  calculates  that  the  water  requini 
iibout  eleven  weeks  to  run  in  the  summer,  when  its  ri^idi^il 
greatest,  from  the  Gulf  of  Mexico  to  the  Azores,  a  distance  d 
about  3000  miles.  Capt  Livingston,  however,  observes,  that  lit 
calculations  of  the  velocity  of  the  Gulf  stream  are  not  to  be  do* 
pended  on.  He  found  it  setting  at  the  rate  of  five  knots  and  vf 
wards  on  the  16th  and  17th  of  August  1817.  On  the  19th  and  Wk 
of  February  1819,  it  seemed  to  be  almost  imperceptible.  In  Se^ 
tember  1819,  it  set  at  about  the  rate  described  in  tne  charts  §. 

Lieut  Hare  has  found  in  the  meridian  of  57°  W.,  that  ^ 


•  Purdy,  Atlantic  Memoir.  f  Ibid, 

X  Capt  Livingston  observes  that  the  current  tet  him,  off  Cape  Hatten^ 

1^  8'  to  the  northward  of  his  dead  reckoning ;  this  he  ascertained  bf 

stellar  and  solar  observations. — ^Atlantic  Memoir. 

§  Purdy,  Atlantic  Memoir. — These  observations  appear  to  have  it* 

ference  to  the  stream  between  Cape  Florida  and  the  Bemini  Isles. 
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TKDgeB  to  42|^  N.  in  the  summeri  and  even  to  42^  N.  in 
Ife  winter. 

It  would  appear,  that  the  waters  after  issuing  through  the 
ilndls  of  Flonda,  run  off  from  the  eastern  edge  of  the  stream  to 
he  eastward,  as  might  he  expected  from  their  tendency  to  equal- 
m  their  ieveJ,  particularly  in  those  parts  not  carried  forward  with 
B— I  Ji  I  ible  Ywocity. 

A. strong  current  sets  from  the  Polar  Seas,  and  through  Hudson's 
Ihf  and  Davis's  Strait,  commonly  denominated  the  Polar  or 
Gwenland  current  It  sets  southerly  down  the  coast  of  America 
li  Newfoundland,  hringing  down  large  iceheigs  heyondthe  Great 
■■k.  Captains  Ross  and  Parry  found  the  velocity  of  the  current 
km  iiuree  to  four  miles  per  hour  in  Baffin's  Bay  and  Davis's 


A  current  from  the  polar  regions  sets  into  the  North  Atlantic 
Ktween  America  and  £urope:  it  produced  such  a  drift  of  the  ice 
0  the  south  in  Capt.  Parry's  attempt  to  reach  the  North  Pole 
irer  the  ice,  that  the  expedition  was  finally  abandoned  in  conse- 
(unce  of  it 

The  Polar  current  coming  from  Davis's  Strait,  may  be  said  to 
■ite  with  1^  Oulf  stream,  and  then  to  set  eastward,  directing 
li  course  to  the  coasts  of  £urope  and  Africa.  Off  the  coast  (3* 
iewfbnndland,  the  current  sometimes  runs  at  the  rate  of  two 
ifles  an  hour,  but  is  much  modified  by  winds.  About  five  degrees 
•  the  westward  of  Cape  Finisterre  the  current  has  a  velocity  of 
kbty  miles  in -twenty-four  hours. 

Between  Cape  Finisterre  and  the  Azores  there  is  a  tendency  of 
he  sur&ce  waters  to  liie  S.E.,  being  variable  in  winter.  Lieute- 
imt  Hare,  in  September  1823,  found  a  current  setting  £.S.£. 
rith  a  velocity  of  a  mile  and  a  half  per  hour  between  N.  latitude 
IS<>  20'  and  43«  40',  and  W.  longitude  22°  30'  to  16°.  RenneU 
(cmarics,  respecting  the  currents  between  Cape  Finisterre  and  the 
Canary  Islands,  that  **  it  may  be  taken  for  granted,  that  the  whole 
m&ce  of  that  part  of  the  Atlantic  from  the  parallel  of  30°  to  45° 
tt  least,  and  to  100  or  130  leagues  offshore,  is  in  motion  towards 
die  Straits  of  Gibraltar." 

"  Near  the  coasts  of  Spain  and  Portugal,  commonly  called  The 
WaD,  the  current  is  always  very  much  southerly  (as  it  is  more 
easterly  towards  Cape  Finisterre),  and  continues  as  far  as  the 
parallel  of  25°,  and  is,  moreover,  felt  beyond  Madeira  westward ; 
that  is,  at  least  130  leagues  from  the  coast  of  Africa;  beyond 
which  a  S.W.  current  takes  place,  owing,  doubtless,  to  the  opera- 
tion of  the  N.E.  trade  wind.  The  same  author  observes,  that  the 
velocity  of  the  current  varies  considerably,  being  from  twelve  to 
twenty,  or  more,  miles  in  twenty-four  hours.  Be  considers  six- 
teen as  below  the  mean  rate. 
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A  current  sets  along  the  coast  of  Africa  from  the  Canaries  t 
the  Gulf  of  Guinea,  running  westerly  out  of  the  Bight  of  Biafin 
The  rainy  seasons,  and  Harmattan  wind,  interrupt  this  streana 
From  Cape  Bojador  and  the  Isles  de  Los,  the  velocity  of  the  cm 
rent  has  never  heen  found  to  exceed  a  mile  and  a  half  per  hon 
«m  the  coast  and  on  the  outer  edge  of  the  hank.  Its  more  con 
mon  rate  is  less  than  a  mile.  At  the  distance  of  four  leagues  finn 
the  coast  it  hecomes  half  a  mile,  and  even  less.  In  the  meiidui 
of  11^  W.  the  current  runs  twenty-five  miles  to  the  E.S.E.  ii 
twenty-four  hours.  Off  Cape  Palmas  it  sets  to  the  £.  at  fort 
miles ;  off  Cape  Three  Points,  and  thence  to  the  Bight  of  Bena 
at  from  fifteen  to  thirty  miles.  It  then  decreases  in  strength,  ran 
to  the  southward,  turns  to  the  S.W.  between  6^  and  S°  S.,  tn 
thence  flows  N.W.  to  the  Cape  Verde  Islands.  It  is  considevei 
that  the  portion  flowing  eastward  into  the  Gulf  of  Guinea,  is  no 
altogether  continuous  with  that  which  comes  from  Cape  Bojadi 
to  the  south. 

A  current  is  described  to  pass  round  Cape  Horn  and  Terra  da 
Fuego,  from  the  Pacific  into  the  Atlantic,  during  the  greater  pMl 
of  the  year  *.  From  the  Straits  of  Magellan  to  Qie  equator,  a  cat 
rent  sets  northward  along  the  western  coast  of  South  Ameriei 
At  eighty  leagues  from  the  coast,  between  15°  S.  latitude  and  Ai 
equator,  and  even  to  15°  N.  latitude,  the  currents  generally  m 
westward.  Captain  Hall  found  a  constant  current  setting  off  Ai 
Galapagos,  to  the  N.N.W.  At  Guayaquil  a  strong  current  leti 
out  of  the  Gulf  at  the  rate  of  forty  miles  in  twenty-four  honn 
Between  Panama  and  Acapulco,  and  at  about  180  miles  from  th 
latter  place,  Captain  Hall  met  with  a  steady  current  running  £.1)) 
S.  at  rates  varpng  from  seven  to  thirty-seven  miles  per  dsf 
Great  quantities  of  wood  are  drifted  from  the  continent  of  AmeM 
to  Easter  Island  by  the  force  of  a  current  setting  in  that  directioB 
Currents  have  been  found  at  Juan  Fernandez,  and  300  leagues  ti 
the  westward  of  it,  running  W.S.W.  at  sixteen  miles  per  day.  M 
the  Marquesas  they  flow  with  a  velocity  of  twenty-six  miles  ii 
twenty-four  hours.  Between  the  Marquesas  and  the  Sandwid 
Islanas  they  have  been  found  to  run  westward  at  the  rate  oi 
thirty  miles  a  day,  in  April  and  May.  A  southerly  current  htf 
been  observed  at  California ;  and  a  northerly  current  along  t]K 


*  Captain  Hall  states,  that  he  did  not  meet  with  any  current  roun^ 
Cape  Horn.  A  naval  o£Scer,  however,  assures  me  that  a  current  rvo) 
out  of  the  Pacific  into  the  Atlantic  during  nine  months ;  and  this  is  res* 
dered  probable  from  the  prevalence  of  strong  westerly  winds  during  dx 
greater  part  of  the  year,  which  would  drive  the  waters  before  theB 
Kotzebue  found  a  current  which  turned  rapidly  to  E.N.E.  near  Staatei 
Land,  having  had  another  direction  (S.W.)  off  Cape  St  John. 
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^.W.  coast  of  America,  from  Cape  Orford,  the  latter  having  a 
rdocity  of  a  mile  and  a  half  per  hour. 

A  northerly  current  sets  through  Behring's  Straits  *,  and  is  sup- 
[Msed  to  run  along  the  north  coast  of  America,  and  deliver  itself, 
through  Baffin's  Bay  and  Hudson's  Straits,  into  the  Atlantic. 

King  found  a  current  setting  N.£.  near  the  Japanese  Islands, 
tut  velocity  five  miles  per  hour;  hut  he  also  found  it  to  vary  con- 
dderably  in  direction  and  strength. 

Among  the  Philippine  Islands  a  current  comes  from  the  N.E., 
nd  runs  with  considerable  force  among  the  passages  dividing  the 
Uands ;  it  has  been  found  with  a  strength  of  twenty  miles  a  day 
Bear  these  isles.    This  current  varies. 

Cook  found  a  southerly  current  in  August,  flowing  ten  or  fifteen 
mles  a  day,  between  Botany  Bay  and  24°  S.  On  the  same  side  of 
/Instralia  a  vessel  was  set  forty  miles  to  the  southward  in  twenty- 
bur  hours,  in  the  month  of  March ;  and  in  July  another  vessel 
iras  carried  thirty  miles  in  two  days  in  the  same  direction. 

A  constant  current  sets  eastward  into  the  Mediterranean,  with 
I  velocity  of  about  eleven  miles  in  twenty-four  hours.  It  has 
been  considered  that  there  is  an  imder  or  counter  current  setting 
restward,  and  canying  out  the  dense  water,  rendered  more  than 
Dsually  saline  from  evaporation  within  the  Straits  of  Gibraltar ; 
Emt  this  has  lately  been  controverted.  It  was  remarked  by  Dr^ 
f^oUaston,  that  the  salt  carried  into  the  Mediterranean  by  the 
current  from  the  Atlantic  must  remain  there  after  the  evaporation 
of  the  water  which  held  it  in  solution,  unless  it  could  escape  by 
mne  means.  He  inferred  its  escape  to  be  by  an  imder  current, 
usually  thought  to  exist,  and  this  he  considered  proved  by  experi- 
ment ;  for  water  brought  up  from  the  depth  of  670  fathoms  about 
fiffy  miles  within  the  Straits,  by  Captain  Smyth,  was  found  to 
contain  about  four  times  the  usual .  quantity  of  saline  matter. 
Water  taken  from  depths  of  450  and  400  fathoms,  at  680  and  450 
miles  within  the  Straits,  did  not  exceed  in  its  saline  contents  many 
ordinary  examples  of  sea-water.  He  further  observed,  that  if  the 
under  current  moved  only  with  one  fourth  the  velocity  of  the 
upper  current,  and  was  of  the  same  depth  and  breadth  as  it,  the 
wnner  would  convey  out  as  much  salt  as  the  latter  brought  inf; 
Mr.  Lyell  infers  that  this  dense  water  cannot  pass  out,  because  the 
bottom  of  the  sea  rises  between  Capes  Spartei  and  Trafalgar,  and 

*  Kotzebue  describes  this  current  as  setting  through  the  straits  with 
t  Telocity  of  three  miles  per  hour  to  the  N.E.  At  Anchorage,  near  East 
Cape,  the  current  was  found  to  set  at  the  rate  of  one  mile  per  hour ;  but 
shortly  afterwards,  notwithstanding  a  brisk  wind,  the  expedition  under 
Kotzebue  made  but  little  way  against  it,  though  going,  by  the  log,  at  the 
rate  of  seven  miles  per  hour. 

t  Wollaston,  Phil.  Trans,  1829, 
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has  only  220  fathoms  of  water  upon  it;  and  therefore,  if  fhe  under 
and  more  saline  water  he  as  deep  as  is  supposed,  it  would  he  im- 
possihle  for  it  to  escape,  and  it  would  deposit  great  quantities  of 
salt  in  the  hed  of  the  Mediterranean*.  It  is  much  to  he  regretted 
that  we  do  not  possess  hetter  information  on  this  suhject,  and  that 
direct  experiments  have  not  heen  made  on  this  supposed  undei 
current.  That  this  has  not  heen  done  is  the  more  remarkahle, 
when  we  consider  the  numerous  opportunities  afforded  hy  ibn 
continual  passage  of  ships,  and  the  proximity  of  such  estahlisb- 
ments  as  those  of  Gihraltar.  Mr.  Lyell's  theory  of  a  great  deposit 
of  salt  at  the  bottom  of  the  Mediterranean,  though  very  ingeniooi^ 
can  scarcely  be  true ;  for,  supposing  it  to  be  so,  the  sea  would,  ai 
the  depth  increased,  be  more  and  more  charged  with  saline  mat- 
ter, until  it  finally  became  mere  salt,  the  density  increasing  at  die 
same  time.  This  being  the  case,  we  should  bring  up  salt  with  the 
sounding-lead,  and  little  else.  But  the  fact  is,  that  the  deep 
soundings,  as  shown  by  Captain  Smyth,  are  mud,  sand  and  sheik 
Sand  and  shells  form  the  bottom,  beneath  980  fathoms  of  water, 
a  little  east  of  the  meridian  of  Gibraltar ;  and  the  same  bottom  ii 
found  in  the  Straits  beneath  700  fathoms  of  water.  Now  these 
places  are  near  where  the  sea-water,  so  highly  charged  with  saline 
matter,  was  brought  up;  and  where,  according  to  the  theoiy, 
there  should  be  a  bottom  of  salt.  The  same  may  be  said  of  other 
situations  f. 

The  current  entering  the  Mediterranean  passes  along  the  south- 
ern shores  of  that  sea,  and  is  felt  at  Tripoli  and  the  Island  of  Ga- 
litta.  At  Alexandria  there  is  a  stream  flowing  east,  as  well  ai 
between  the  coast  of  Egypt  and  Candia :  arrived  on  the  coast  of 
Syria,  it  runs  north,  and  then  advances  between  Cyprus  and  the 
coast  of  Karamania.  A  strong  current  flows  from  the  Black  Sea 
into  the  Mediterranean,  through  the  Dardanelles. 

•  Lyell,  Principles  of  Geology,  vol.  i. 

f  In  all  our  remarks  on  the  changes  that  may  be  supposed  to  occur  it 
the  bottom  of  the  Mediterranean,  we  should  be  careful  to  remember  that 
this  bottom  is  divided  into  two  great  basins  (See  Smyth's  Charts)  byt 
winding  shoal,  which  connects  Sicily  with  the  coast  of  Africa.  Thk 
shoal,  known  as  the  Skerki,  has  the  following  line  of  soundings  upon  it, 
proceeding  from  the  African  to  the  Sicilian  coast ;  namely,  34,  48,  50, 
38,  74,  20,  70,  52,  91,  16,  15,  32,  7,  32,  48,  34,  54,  70,  72,  38,  55,  and 
13  ^thoms,  from  whence  an  idea  of  its  inequalities  may  be  formed.  There 
are  soundings  in  140,  157,  and  260  fathoms,  on  either  side,  as  aUo 
places  where  190  and  230  fathoms  of  line  have  been  run  out,  without 
finding  bottom.  It  may  be  here  remarked,  that,  at  the  entrance  of  the 
Dardanelles  into  the  Mediterranean,  there  are  only  thirty-seven  fathoms 
of  water;  so  that  the  quantity  of  matter  requisite  to  bar  the  communi- 
cation between  the  Black  and  Mediterranean  seas,  would  not  be  very 
conadenkHe, 
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A  consfant  carrent  flows  out  of  ihe  Baltic,  through  the  Sound 
and  Catt^at,  into  the  German  Ocean.  Its  velocity  in  the  nar- 
lowest  part  of  the  Sound  is  about  three  miles  per  hour ;  but  the 
ordinaiy  rate,  in  fine  weather,  is  about  one  mile  and  a  half  or  two 
mfles.  The  currents  out  of  the  Sound  and  two  Belts  are  directed 
towards  the  Scau  or  Skagen,  and  flowing  thence,  turn  N.£.  to- 
lards  Marstrand,  at  the  rate  of  about  two  miles  per  hour.  It  is 
Mt  impossible  that  a  counter  and  imder  current  setting  into  the 
Biltic  from  the  ocean  may  exist ;  for  Captain  Patton  observed, 
liwn  at  anchor  a  few  miles  from  Elsinore,  in  an  upper  current 
Mttiog  at  the  rate  of  four  miles  an  hour  outwards,  that  in  sound- 
ing in  fourteen  fathoms,  he  found  the  line  continue  perpendicular 
to  lus  hand,  when  the  lead  was  raised  a  little  from  the  ground. 
Hoice  he  concluded  that  there  was  an  under  current  that  pre- 
tented  the  line  from  being  carried  away. 

I  In  the  Indian  and  Chinese  seas  we  have  good  examples  of 
poiodical  currents,  evidently  referable  to  the  periodical  wmds  or 
moDioons. 

From  St.  John's  Point  to  Cape  Cormorin  there  is  a  nearly  con- 
itent  current  in  the  direction  of  the  coast  from  N.N.W.  to  S.S.E.; 
eioept  that  between  Cape  Cormorin  and  Cochin,  it  flows  from  S.£. 
to  N.W.  from  October  to  the  end  of  January. 

The  current  sets  from  the  ocean  into  the  Red  Sea  from  October 
to  May,  and  runs  out  of  that  sea  from  May  to  October.  A  cur- 
rent commonly  sets  from  the  Gulf  of  Persia  towards  the  ocean 
doling  the  whole  time  that  the  current  flows  into  the  Red  Sea, 
and  runs  into  the  Gulf  from  May  to  October. 

In  the  Gulf  of  Manar,  between  Ceylon  and  Cape  Cormorin,  the 
emrent  flows  northward  from  May  to  October,  setting  the  remain- 
iBg  six  months  to  the  S.W.  and  S.S.W.  From  Pedro  Point  on 
the  north  of  Ceylon,  to  Pointe  de  Galle  on  the  south,  the  current 
nins  S.£.,  S.S.E.,  S.,  S.W.,  and  W.,  according  to  the  nature  of 
the  coast,  uniting  at  the  Pointe  de  Galle  with  the  current  that 
comes  out  of  the  Gulf  of  Manar.  The  ordinary  velocity  of  the 
ilream  on  the  south  coast  of  Ceylon  is  about  a  league  an  hour. 
The  Ceylon  currents  are  weak  in  June  and  November.  In  the 
Bty  of  Bengal  the  currents  run  with  the  wind  towards  the  N.£. 
during  the  S.W.  or  W.  monsoon,  and  slacken  in  September.  On 
die  coast  of  Orissa,  about  eight  days  before  the  equinox  their 
direction  is  towards  the  south,  and  they  become  strong  at  the  end 
of  the  month.  During  the  N.£.  and  £.  monsoon,  tne  currents 
•re,  as  before,  with  the  wind,  and  strong  in  proportion  to  it. 

In  the  S.W.  monsoon  the  current  between  the  coast  of  Malabar 
and  the  Lakdivas  sets  to  the  S.S.£.  with  a  velocity  of  twenty, 
twenty-four,  or  twenty-six  miles  in  twenty-four  hours.  Between 
the  liakdivas  its  direction  is  to  the  S.S.W.  and  S.W.,  its  rate 
being  from  eighteen  to  twenty-two  miles  in  twenty-four  houra« 
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The  current,  setting  W.  or  W.S.W.  to  iJie  westward  of  these 
islands,  varies  in  velocity  from  eight  to  eleven  miles  per  day. 
There  is  a  strong  current  among  the  Maldives :  among  the  soothem 
isles  the  direction  is  generally  to  the  E.N.E.  in  March  and  April; 
in  May  it  sets  to  the  eastward ;  in  June  and  July  the  currents 
often  run  to  the  W.N.  W.,  particularly  to  the  south  of  the  equator. 
Between  these  isles  and  Ceylon  they  frequently  set  strongly  to 
the  westward  during  the  months  of  Octoher,  Novemher,  and  De- 
cemher. 

The  currents  in  the  China  seas,  at  a  distance  from  shore,  gene- 
raUy  flow,  more  or  less,  towards  die  N.E.  from  the  middle  of  May 
to  tne  middle  of  August,  and  have  a  contrary  direction  from  tlw 
middle  of  Octoher  to  March  or  April.  The  velocity  of  the  cur- 
rents from  the  N.E.  is  usually  greater  in  Octoher,  November,  and 
December,  along  the  adjacent  luiores,  than  that  of  the  opposite  set 
in  May,  June,  and  July.  Their  strength  is  most  felt  among  the 
islands  and  shoals  near  the  coast. 

The  strongest  currents  of  these  seas  are  experienced  along  the 
coasts  of  Cambodia,  duing  the  end  of  November.  They  run  with 
a  velocity  of  from  fifty  to  seventy  miles  to  the  southward,  in 
twenty-four  hours,  between  Avarella  and  Poolo  Cecir  da  Terra. 
Some  part  of  the  stream  setting  into  the  Straits  of  Malacpa,  causes 
the  tide  to  run  nine  hours  one  way  and  three  hours  the  other.  The 
currents  to  the  northward  commence  running  in  April  through 
the  Straits  of  Banca,  past  the  Straits  of  Malacca,  and  along  wa 
west  coast  of  the  Gulf  of  Siam,  setting  along  the  north-east  side 
of  the  same  Gulf  to  the  E.S.E.  until  to  the  eastward  of  Point 
Ooby;  they  then  bend  to  the  N.E.,  running  along  the  coasts  of 
Cambodia,  Cochin-China,  and  China,  till  September,  when  the 
opposite  monsoon  and  currents  prevail  from  the  N.E.^  and  con- 
tinue to  March  or  April. 

Periodical  currents  occur,  according  to  M.  Lartigue,  along  the 
west  coast  of  South  America,  from  Cape  Horn  to  latitude  19^. 
The  S.  and  E.S.E.  winds  produce  a  current,  setting  to  the  N.W., 
off  the  coast  of  Peru,  of  which  the  maximum  velocity  is  fifteen 
miles  in  twenty-four  hours,  and  the  mean  velocit^r  about  nine  or 
ten  miles.  Between  this  current  and  the  coast,  there  is  a  counter 
current  flowing  to  the  S.E.  During  the  prevalence  of  the  wind 
from  N.  to  W.  the  current  flows  S.E.,  but  is  only  sensible  near 
the  land  *. 

Temporary  currents  are  innumerable,  every  severe  gale  of  any 
duration  producing  one.  Nothing  is  more  common  than  these 
partial  currents,  which  are  more  particularly  felt  along  coasts  and 
through  channels. 

The  direction  and  velocity  of  the  currents  above  enumerated 

*  Lartigue,  Description  de  la  C6te  du  P^rou. 
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may  be  considered  rather  as  approximations  to  the  truth;  than  as 
the  trudi  itself,  for  the  determination  of  currents  is  liable  to  many 
errors.     The  usual  manner  of  ascertaining  them  is  by  comparing 
the  true  place  of  a  ship,  determined  by  means  of  chronometers 
and  astronomical  observations,  with  the  position  of  the  same  ship 
as  deduced  by  dead  reckoning.    The  latter  is  a  calculation  of  the 
Teasel's  way  through  the  water  in  a  given  direction.    The  rate  of 
iSbe  vessel's  way  is  estimated  by  means  of  a  contrivance  called  a 
byline,  or  a  line  at  the  end  of  which  there  is  a  float.    According 
to  the  quantity  of  line  run  out  in  a  given  time,  with  allowances 
for  the  agitation  of  the  sea,  &c.,  is  the  rate  of  the  vessel's  way 
ealcnlated.     This  operation  is  liable  to  numerous  errors;  and  even 
with  the  line  and  glasses  in  the  highest  order,  requires  a  nicety  of 
execution  seldom  practised.    The  direction  of  the  vessel's  course 
is  estimated  by  the  compass,  with  allowances  for  magnetic  varia- 
tion.   Here  we  have  a  most  fruitful  source  of  error,  for  until  lately 
no  allowance  whatever  was  attempted  for  the  local  attraction  of 
die  ship.     It  is  now  well  known  that  the  disposition  of  iron  in  a 
vessel  is  such,  that  no  two  ships  will  be  found  to  have  the  same 
local  attraction ;  consequently  no  rules  can  be  adopted  for  correct- 
ing the  error  of  aberration  by  means  of  placing  the  magnets  in  any 
particular  situation,  though  some  situations  have  been  found  more 
ftvourable  for  true  observations  than  others.     It  was  not  until  Mr. 
fiarlow  invented  his  plate  of  iron  for  counteracting  the  effect  of 
aberration,  that  the  error  arising  from  it  could  be  fully  known. 
Now  nearly  all  the  preceding  observations,  as  to  the  direction 
and  velocity  of  currents,  were  made  before  this  great  source  of 
error  was  understood;  consequently  many  of  them  are  erroneous, 
and  require  that  re-examination  which  the  advance  of  science  has 
rendered  necessary.     It  is  clear,  that  if  a  vessel  is  steering  one 
coarse,  and  those  on  board  consider  they  are  taking  another,  the 
position  deduced  from  dead  reckoning  must  wander  from  the  truth 
in  proportion  to  the  amount  of  aberration,  even  supposing  the 
nte  of  way  through  the  water  and  other  necessary  observations 
correct. 

I(  in  the  annexed  diagram,  a  vessel,  without  any  allowance  for 
aberration,  be  supposed  to  hold  her  course    c  ^^^  Fig.  18. 

ftom  ato  bf  while  m  reality  her  course,  with 
pnmer  allowance  for  aberration,  is  from  a  to 
e,  the  distance  from  6  to  c  will,  according  to 
the  usual  practice,  be  referred  to  current,  cSter     ^  ^ 

an  observation  shall  have  shown  that  her  true  place  is  at  c.  It 
wQl  be  clear  that  in  this  case  no  such  current  exists,  and  that  the 
difference  between  the  true  and  calculated  situations  of  the  ship 
arises  solely  from  want  of  attention  to  local  attraction. 

Another  great  source  of  error  in  estimating  the  value  of  cur- 
rents has  been  noticed  by  Captain  Basil  HaU.    This  authot  oV 
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serveS;  that  the  usual  method  of  laying  down  ships'  tracks  by  two 
lines,  one  representing  the  course  as  estimated  from  the  dead 
reckoning,  and  the  other  as  deduced  from  chronometers  and  lunar 
observations,  leads  to  no  information  as  '^  to  where  the  current 
began,  or  where  it  ceased,  or  what  was  its  set,  or  its  velocity.'' 
He  proposes  instead  of  this,  that  the  position  of  the  ship  found  at 
each  good  observation  should  form  tne  point  of  departure,  boA 
for  the  line  representing  the  distance  and  direction  to  the  next 
observed  true  position,  and  for  that  representing  the  ship's  coum 
as  estimated  by  dead  reckoning.  A  very  superior  plan,  and  one 
that  should  supersede  the  old  method*. 

Although  these  causes  of  error  render  the  exact  velocity  and 
course  of  currents  heretofore  observed  vague  and  uncertain,  so 
that  many  minor  streams  may  be  found  imaginary,  and  that  tiie 
navigator  may  be  exposed  to  great  danger  from  implicitly  de- 
pending upon  them ;  yet  to  the  geologist,  perhaps,  they  may  not 
be  so  formidable ;  as,  probably,  the  general  velocity  of  currenti 
will  not  be  foimd  greauy  altered ;  and  as  it  is  with  their  veloei^ 
and  consequent  transporting  power  that  he  is  principally  cmh 
earned. 

Transporting  Power  of  Tides. 

The  stream  caused  by  tides  varies  much  in  strength,  but  a  com- 
mon velocity  appears  to  be  one  mile  and  a  half  per  hour,  when 
head-lands,  shallow  banks,  and  other  obstacles  are  not  opposed  to 
it ;  and  therefore,  even  supposing  the  superficial  velocity  to  extend 
to  the  bottom,  which  woidd  not  be  the  case  except  in  compara- 
tively shallow  seas,  the  general  transporting  power  of  such  tides 
would  appear,  judging  from  the  effects  we  witness  near  shores,  to 
be  but  small.  This  the  unchang^ed  character  of  soundings  for  a 
great  length  of  time,  though  prmcipally  composed  of  mud  and 
sand,  seems  to  attest. 

Where  obstacles  are  opposed  to  the  tides,  the  transporting 
power  will  be  increased,  and  the  changes  produced  more  rapi£ 
The  tide  through  the  Pentland  Firth  having  a  velocity  of  nine 
miles  per  hour,  would  scour  out  pebbles  of  considerable  size  from 
its  channel ;  but  its  power  to  do  this  would  cease  at  each  extre- 
mity, where  the  tides  flow  at  the  rate  of  two  or  three  miles  per 
hour,  and  the  local  cause  would  merely  produce  a  local  effect 
The  same  with  the  Race  of  Aldemey,  and  other  similar  places. 

Changes  in  the  shape  of  sand-banks  frequently  take  place  when 
they  approach  the  suHace ;  but  as  they  then  come  within  the  in- 
fluence of  another  cause, — the  action  of  the  waves,  the  transport- 
ing power  of  which  is  very  considerable, — too  much  must  not  be 
attributed  to  the  mere  force  of  a  tidal  stream. 

*  Edinburgh  Philosophical  Journal,  vol.  ii. 
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The  transportmg  power  of  tidal  rivers  outwfurds,  or  into  the 
aters  of  the  sea,  is  considerable,  more  particularly  during  the  time 
'  freshets  or  floods.  As  has  been  seen,  the  tide  of  ebb  in  rivers  is 
ways  greater  than  the  flood ;  therefore,  although  estuary  waters 
'e  vety  turbid,  and  a  great  proportion  of  them  merely  carried 
ickwaras  and  forwards,  detritus  will  escape  into  the  open  sea  in 
^portion  to  the  diflerence  of  velocity  between  the  ebb  and  flood. 
I  should  be  remarked,  that  all  estuaries  have  a  tendency  to  be 
Qtd  up  by  deposition  of  the  matters  held  mechanically  in  sus- 
oksion  by  their  waters.  The  heads  of  estuaries  are  very  fre- 
neiitly  alluvial  plains,  formed  of  the  same  kind  of  mud  and  silt  as 
»  at  present  broi^ht  down  by  the  rivers ;  and  it  often  appears 
I  if  the  tides  had  flowed  up  to  much  greater  distances  than  they 
BW  do,  the  higher  parts  having  been  gradually  silted  up  *.  These 
ppearances  are  so  common,  that  it  is  useless  to  insist  upon  them ; 
ut  the  extent  of  flat  lands,  evidently  accumulated  in  this  way  on 
le  sides  and  heads  of  estuaries,  is  often  very  remarkable,  and 
'onld  seem  to  have  reauired  a  long  lapse  of  ages  for  their  for- 
lation ;  more  particularly  when  the  present  deposits  of  the  same 
stuaries  are  considered. 

Notwithstanding  this  deposit  in  the  estuary  itself,  and  the  bars 
nd  banks  accumulated  at  the  mouths  of  so  many  tidal  rivers, 
bove  noticed,  mud  and  silt  escape  into  the  sea,  and  are  trans- 
orted  by  the  tides  to  greater  or  less  distances  from  the  rivers ; 
I  may  often  be  seen  at  low  water,  on  coasts  where  tidal  rivers 
ischaige  themselves. 

The  transporting  power  of  tides  and  currents  being  proportioned 
D  their  velocity,  and  this  being  greatest  when  obstacles  are  op- 
losed  to  either,  it  is  in  these  situations  that  we  should  look  for 
he  greatest  transporting  power. 

Tue  diflerence  between  the  velocity  of  tides  on  the  surface  and 
it  moderate  depths  must  be  very  considerable,  otherwise  the  pre- 
iously  noticed  power  of  water  to  tear  up  different  kinds  of  sub- 
lances  at  given  velocities  must  be  incorrect;  for  if  the  velocities 
rere  nearly  as  great  at  moderate  depths  as  on  the  surface,  tidal 
treams  would  be  little  else  than  a  mass  of  turbid  waters. 

The  discoloration  of  the  sea  to  greater  or  less  distances  from  the 
luxre,  according  to  the  depth,  is  well  known  to  be  effected  during 
leavy  gales,  and  is  due  to  the  action  of  the  waves,  and  not  to  that 
if  the  tide  merely  passing  over  sand  or  mud  with  a  certain  strength, 
nd  therefore  must  not  be  confounded  with  it. 

To  take  an  example  of  tidal  waters  running  over  a  certain 
lottom : — At  the  Shambles,  a  well-known  bank  near  the  island  of 

*  If  we  could  always  give  implicit  confidence  to  old  maps  and  charts, 
reat  deposits  of  this  nature  would  seem  to  have  taken  place  within 
istorical  times. 
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Portlandi  the  tides  run  at  the  rapid  rate  of  ahout  three  nautical 
miles  per  hour,  ov6r  soundings  of  gravel  which  do  not  alter.  Now, 
if  the  calculations  ahove  noticed  were  correct,  and  the  inferior 
velocity  not  very  considerahly  different  from  that  on  the  surfiice, 
stones,  the  size  of  eggs,  could  he  torn  up  hy  water  with  a  velo- 
city of  three  feet  in  a  second,  or  3600  yards  in  an  hour ;  conse- 
quently the  pehhles  on  the  hank  would  he  carried  away,  and 
nothing  hut  hare  rock  or  masses  of  stone  would  he  left ;  out  the 
soundings  on  the  Shambles  are  the  same  at  present  as  they  are 
represented  to  have  been,  by  the  charts,  many  years  ago. 

The  preservation  of  the  same  kind  of  bottoms  or  soundings,  over 
which  tides  or  currents  pass  with  considerable  velocity  without 
their  being  altered,  is  familiar  to  most  mariners ;  and  it  woviti 
seem  that  we  are  far  from  being  acquainted  with  the  respectire 
velocities  required  to  tear  up  mud,  sand,  and  pebbles  at  variooi 
depths  in  the  sea.  Tidal  streams  flow  over  mud  banks  in  some 
estuaries  at  the  rate  of  a  mile  and  a  half  or  two  miles  per  hoar, 
without  removing  them ;  though,  if  the  above-noticed  calculations 
were  always  applicable,  the  current  would  be  sufficiently  strong  to 
remove  pebbles  of  some  size.  The  same  remark  applies  to  ixmv 
merable  sand-banks  *. 

Transporting  Power  of  Currents, 

In  estimating  the  transporting  power  of  currents,  we  should  con- 
sider the  causes  which  produce  tnem,  and  the  nature  of  the  fluid 
in  which  they  are  produced.    The  motion  of  the  earth,  although 

*  While  on  the  subject  of  soundings,  it  may  be  noticed  that  the  Bri- 
tish Islands  are  in  reality  united  to  the  continent  beneath  the  sea  by 
banks  of  various  kinds,  at  greater  or  less  depths ;  the  principal  soundings 
on  which  are  mud  or  sand.  The  whole  is  more  or  less  known  by  the 
'  name  of  soundings,  because  bottom  can  be  easily  obtained  by  a  line  of 
eighty  or  ninety  fathoms  in  length.  The  boundary  of  these  soundings 
is  traced  on  all  good  charts,  and  is  seen  to  commence  at  the  bottom  of 
the  Bay  of  Biscay,  then  to  run.  round  the  British  Isles,  and  to  communicate 
with  the  shallows  of  the  German  Ocean. 

The  bed  of  the  sea  in  these  soundings  can  only  be  considered  at  so 
much  of  the  continent,  which  happens  to  be  at  no  great  depth  beneath 
the  ocean  level.  The  upper  part  of  the  bottom,  tenanted  by  various  ani- 
mals whose  exuviae  are  daily  left  in  it,  is  probably  in  a  great  measure  de- 
rived from  the  detritus  of  the  British  Islands  and  such  parts  of  the  con- 
tinent of  Europe  as  are  either  bathed  by,  or  discharge  their  waters  intO) 
these  seas.  The  depths  being  comparatively  inconsiderable,  the  tides* 
currents,  and  waves  are  probably  enabled  to  act,  according  to  circum- 
stances, in  the  distribution  of  the  detritus. 

The  course  of  the  tides  round  the  British  Islands  is  represented  in 
Dr.  Young's  Natural  Philosophy,  voL  i.  pi.  38.  fig.  521 ;  see  also  Lubbock 
on  Tides,  Phil.  Trans.  1831. 
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it  woiild  seem  to  give  a  certain  general  movement  to  tbe  waters 
xf  our  globe,  does  not  appear  capable,  taken  by  itself,  of  producing 
enrrents  of  geological  importance.  The  great  cause  of  ocean  cur- 
rents seem  to  be  prevalent  winds;  and  accordingly  we  find 
that  in  the  equatorial  regions  of  the  world,  over  which  the  more 
or  less  easterly  winds,  commonly  called  the  Trade  Winds,  pre- 
vtfl,  there  is  a  tendency  of  the  waters  to  flow  westward  in  the 
PMdfic  Ocean,  in  the  Atlantic,  and  in  those  parts  of  the  Indian 
KM  free  from  the  monsoons.  That  the  winds  are  the  great  cause 
tf  ocean-currents,  is  a  fact  sufiiciently  proved  by  the  velocity  and 
£rection  of  such  currents  in  the  Indian  and  Chinese  seas,  var3dng 
widi  the  force  and  direction  of  the  monsoons.  On  this  subject 
Migor  Rennell  observes,  ''  It  is  well  known  how  easily  a  current 
ai^be  induced  by  the  action  of  the  wind,  and  how  a  strong  S.W.,  a 
!i.  W.,  or  evei^  a  N.E.,  wind  on  our  own  coasts  raises  the  tide  to  an 
extraordinary  height  in  the  £nglish  Channel,  the  river  Thames, 
the  east  coast  of  Britain,  &c.,  as  those  winds  respectively  prevail. 
The  late  ingenious  Mr.  Smeaton  ascertained,  by  experiment,  that 
in  a  canal  of  four  miles  in  length,  the  water  was  kept  up  four 
inches  higher  at  one  end  than  at  the  other,  merely  by  the  action 
of  the  wind  along  the  canal.  The  Baltic  is  kept  up  two  feet  at 
least  by  a  strong  N. W.  wind  of  any  continuance ;  and  the  Cas- 
pian Sea  is  higner  by  several  feet,  at  either  end,  as  a  strong 
ncnrtherly  or  southerly  wind  prevails.  It  is  likewise  known  that 
a  large  piece  of  water,  ten  miles  broad,  and  generally  only  three 
feet  deep,  has,  by  a  strong  wind,»had  its  waters  driven  to  one  side, 
and  sustained  so  as  to  become  six  feet  deep,  while  the  windward 
ade  was  left  dry.  Therefore,  as  water  pent  up  so  that  it  cannot 
esd^  acquires  a  higher  level,  in  a  place  where  it  can  escape  the 
tame  operation  produces  a  current,  and  this  current  will  extend  to 
a  greater  or  less  distance  according  to  the  force  by  which  it  is 
produced  or  kept  up  *." 

It  18  also  considered  that  the  moon  exercises  an  influence  on 
^  waters  of  the  tropical  regions,  increasing  their  velocity  by 
drawing  them  from  £.  to  W.  The  current  setting  six  hours  one 
way  and  six  hours  the  other  through  the  Straits  of  Messina, 
tluNigh  there  is  no  rise  or  fall  of  water  with  it,  is  attributed  to  the 
influence  of  the  moon,  and  may  be  considered  as  a  tide.  It  has 
alk>  been  inferred  that  the  sun,  by  its  attraction,  increases  the  ve^ 
lodty  of  the  Gulf-stream.  Capt.  Livingston  observes,  that ''  when 
the  sun's  declination  is  N.,  tne  N.£.  trade  wind  blows  fresher, 
and  extends  further  to  the  northward  than  when  the  sun's  decli- 
nation is  S.,  thus  forcing  a  greater  body  of  water  into  the  Carib- 
bean Seaf." 

The  current  setting  into  the  Mediterranean  through  the  Straits 
of  Gribraltar  is  commonly  attributed  to  the  evaporation  of  that 

*  On  the  Channel  Current.  f  Purdy's  Atlan^c  'MUsova. 
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sea,  whicli  also  receives  a  large  supply  of  water  from  the  Black 
Sea  through  the  Dardanelles.  The  easterly  in-draught  from  the 
Atlantic  is  stated  to  commence  nearly  one  hundred  leagues  to 
the  westward  of  the  Straits  of  Gihraltar.  It  has  been  supposed 
that  an  under  and  counter  current  sets  outwards;  but  this,  as  has 
been  above  noticed,  has  been  lately  controverted*.  That  under 
currents  do,  however,  occur  in  the  Mediterranean,  Capt  BeaufSirt 
affords  us  sufficient  proof.  After  remarking  that  firom  SyntL  to 
the  Archipelago  there  is  a  constant  current  to  the  westward, 
slightly  felt  at  sea,  although  very  perceptible  on  shore,  amounting 
to  three  miles  per  hour,  between  Adratchan  Cape  and  the  oppor 
site  idand,  he  observes,  **  The  counter  currents,  or  those  whidi 
return  beneath  the  surface  of  the  water,  are  also  very  remarkable: 
in  some  parts  of  the  Archipelago  they  are  sometimes  so  strong  as 
to  prevent  the  steering  of  the  ^ip ;  and  in  one  instance,  on  smk- 
ing  the  lead,  when  the  sea  was  calm  and  clear,  tnth  shreds  of 
bunting,  of  various  colours,  attached  at  every  yard  of  the  line,  th^ 
pointed  in  different  directions  all  round  the  compass  f." 

These  observations  of  Capt.  Beaufort  are  of  the  highest  import- 
ance when  we  consider  the  transporting  power  of  currents,  because 
they  seem  to  show  that  we  cannot  juc^e  of  the  direction  of  under 
currents  from  those  known  to  flow  on  the  surface. 

The  winds  being,  generally  speaking,  the  cause  of  the  great 
ocean-currents,  and  effects  being  only  in  proportion  to  their  causes, 
the  streams  of  water  thus  produced  will  not  extend  deeper  than 
the  propelling  power  of  the  winds  can  be  felt.  Now,  as  the  ocean 
varies  in  density  according  to  its  depth,  the  cause  sufficient  to 
move  waters  on  the  surface,  and  to  certain  depths  beneath  it,  will 
constantly  meet  with  opposition,  at  an  increasing  ratio;  until 
finally,  the  moving  power  and  the  resistance  being  equal,  no  effect 
whatever  is  produced;  and  all  water  beneath  a  certain  depth  would 
be,  as  far  as  respects  surface  causes,  immovable,  and  consequently 
would  have  no  transporting  power. 

Hence  it  would  appear  that  the  transporting  power  of  currents 
will  depend  on  the  depth  of  the  sea,  all  other  things  being  equal, 
and  that  the  smaller  the  depth  the  greater  the  transporting  power. 
Consequently,  coasts  are  the  situations  where  we  may  look  for 
this  power. 

If  the  current  entering  into  the  Mediterranean  from  the  At- 
lantic be  due  to  the  evaporation  of  the  former,  this  also  is  a 
superficial  cause,  and  its  effects  will  gradually  become  less,  until, 
in  deep  water,  it  ceases  altogether. 

We  have  seen  that  tides  as  well  as  currents  have  their  great- 
est velocity  in  shallow  water,  across  headlands,  or  in  contracted 
channels;  consequently,  their  greatest  transporting  power  exists 
in  the  same  situations,  and  will  be  local.    Tides  commonly  exert 

*  hyeWs  Principles  of  Geology.  f  Beaufort's  Karamania. 
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I  equal  traniporting  power  in  two  directions,  for  the  most  part 
fp^nte  to  each  other,  except  in  the  case  of  rivers,  where  this 
•wer  is  greater  on  the  ebb  than  at  the  flood.  Unless  the  rivers 
Tery  considerable,  the  detritus  brought  through  their  embou- 
nrea  by  the  superior  velocity  of  the  ebb,  enters  into  the  power 
the  coast-tides,  and  is  carried  backwards  and  forwards  by  them 
ttil  deposited.  But  in  the  case  of  great  rivers,  such  as  the  Ma- 
son, St.  Lawrence,  and  Orinoco,  the  unchecked  detritus  is  borne 
rward,  until  stopped  and  turned  by  the  ocean-currents.  Laree 
Iditions  are  daily  made  to  the  coast  of  South  America  by  the 
|KMdt  from  the  waters  of  the  Maranon,  which  are  carried  toward 
e  shore  by  the  prevailing  current*. 

Upon  a  review  of  what  has  been  stated  respecting  the  streams 
'  water  caused  by  tides  and  currents,  it  would  appear  that 
idr  geological  importance  will  depend  upon  the  relative  depth 
'  water  which  they  traverse,  and  their  proximity  to  land,  by 
hich  their  velocity  is  increased.  Round  coasts  they  have  a 
ansportin^  power,  which  varies  according  to  circumstances ;  being 
reatest,  aU  other  things  remaining  the  same,  nearest  the  lan£ 
1  great  depths  we  have  no  reason  to  suppose  that  this  transport- 
g  power  exists;  or  if  it  does,  the  causes  must  be  different  from 
me  which  produce  motion  on  the  surface.  It  does  not  appear 
tat  we  are  acquainted  with  the  velocities  which  could  tear  up 
fud,  sand,  or  gravel ;  for  currents  pass  over  the  bottom  in  shallow 
ater,  composed  of  mud  and  sand,  without  mixing  them,  with  a 
miiderable  surface  velocity.  The  changes  produced  on  the  bottom 
re  scarcely  perceptible,  within  the  perioos  we  should  consider 
Qg^  unless  in  shallow  water,  and  near  the  mouths  of  great  rivers, 
le  deposits  from  which  must  gradually  accumulate,  and  diminish 
16  depth  of  the  water.  In  the  soundings  round  coasts,  we  do 
vt  generally  find  any  great  inequalities ;  but  in  the  ocean  these 
niflt  exist  to  a  very  great  extent,  as  is  shown  by  the  rocks,  shoals, 
id  small  islands  scattered  over  it,  the  tops  of  mountains  emer-> 
ing  from  the  water,  which  is  generally  of  great  depth  dose  to 
lem. 

Active  Volcanot. 

The  surface  of  the  earth  is  irregularly  marked  by  orifices,  through 
hich  various  gases,  cinders,  ashes,  stones,  and  streams  of  red-hot 
dted  rocks  are  projected.  From  this  continued  propulsion  of 
atter  through  a  vent  or  vents,  a  conical  mass  is  accumulated^ 
which  the  name  of  volcano  is  applied.  Volcanos  difier  materially 
the  quantity  of  matter  ejected,  but  agree  in  such  a  generiu 
semblance  to  each  other,  that  ihey  seem  all  referable  to  the 
terations  of  the  same  causes. 

*  The  water  upon  this  coast  is  so  shallow,  that  the  land  is  dangerous  to 
proach  without  great  care,  the  only  harbours  being  the  moutH^ks  oi  inNeTi. 
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Various  theories  have  heen  formed  for  the  explanation  of  V(^ 
canic  phaenomena;  but  it  must  be  confessed,  that  they  an  aU 
more  or  less  defective,  and  that  the  real  causes  of  such  phsmo- 
niena  are  mere  subjects  of  conjecture.  With  some  of  the  effects 
we  are  familiar ;  though  with  the  districts  most  ravaged  by  erupted 
matter,  we  are  far  from  being  well  acquainted;  our  principal 
knowledge  of  volcanos  being  derived  from  the  two  largest  active 
vents  of  Europe,  Etna  and  Vesuvius,  but  principally  from  the 
latter.  Etna  certainly  covers  a  considerable  surface,  but  Vesuvius 
sinks  into  insignificance  before  some  of  the  great  volcanos  of  the 
world. 

From  their  general  proximity  to,  or  occurrence  in,  the  sea,  H 
has  been  supposed  that  the  active  state  of  volcanos  is  produced 
by  the  percolation  of  sea-water  to  certain  metallic  bases  of  tfad 
earths  or  alkalies  at  various  depths  beneath  the  surface ;  which 
metallic  bases  being  thus  inflamed,  cause  the  phsenomena  observed 
in  volcanic  eruptions.  The  volcanos  in  the  interior  of  Mexico^ 
as  also  the  volcanos  of  Tartary,  have  been  accounted  for  by  the 
advocates  of  this  theory :  the  former,  by  supposing  a  connection 
between  the  vents  of  Colima,  Jorullo,  Pococatepetl,  and  Orizaba, 
all  situated  on  the  same  line; — the  latter,  by  considering  that  tbe 
waters  of  salt  lakes  may  percolate  to  their  foci.  Recent  researches 
would,  however,  appear  to  render  this  hypothesis  untenable; 
for  according  to  MM.  Klaproth,  Abel  R^musat,  and  Humboldt^ 
there  is  a  volcanic  region,  with  an  area  of  about  2,500  square 
geographical  miles  in  central  Asia,  between  300  and  400  leagues 
distant  from  the  sea.  The  principal  seat  of  volcanic  action  is  the 
range  of  the  Thian  chan,  in  which  are  the  two  volcanos  of  P4  chan 
and  Ho  tcheou,  distant  about  105  miles  in  an  east  and  west  di- 
rection from  each  other,  the  former,  being  about  225  leagues  htm 
Lake  Aral  *.  Recent  observations  also,  in  the  central  chain  of  the 
Andes^  by  MM.  Roulin  and  Boussin&;ault,  show  that  volcanic 
eruptions  take  place  at  a  considerable  distance  from  the  sea.  The 
Peak  of  Tolima  (according  to  Humboldt  in  lat  4°  46'  N.  and 
long.  77°  56'  W.  from  Paris,)  was  seen  to  be  in  eruption  by 
M.  Roulin  in  1826;  and  M.  Boussingault  observed  a  volcano  of 
the  same  district  to  be  in  activity  in  1829.  M.  Roulin  discovered 
from  ah  ancient  document  that  there  had  been  a  great  eruption 
of  Tolima  in  March  1 595  f. 

As  the  first  chemical  operation,  if  the  theory  of  a  percolation  of 
sea-water  to  the  metallic  bases  of  earths  or  alkalies  were  true, 
would  be  the  union  of  the  oxygen  with  the  metallic  base,  and  the 
escape  of  an  immense  quantity  of  hydrogen,  M.  Gay  Lussac  has 
objected  to  it,  that  pure  hydrogen  gas  is  not  evolved  from  volca- 
nos; and  as  a  proof  of  it,  observes,  that  if  it  were  present,  itwoidd 
be  inflamed  by  the  red-hot  matter  ejected  from  tne  craters.     Dr. 

*  Humboldt^  Fragmens  Asiatiques.  f  Ibid, 
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Daubeny  endeavours  to  meet  this  objection,  by  supposing  the  hy- 
drogen '*  to  have  combined  in  its  nascent  state  with  sulphur,  and 
the  two  bodies  to  have  been  evolved  in  the  form  of  sulphuretted 
hydrogen  gas."  He  also  considers  that  the  presence  of  large 
([oantities  of  muriatic  acid  would  destroy  the  inflammability  of  we 
hydrogen*. 

According  to  the  same  author,  the  gases  evolved  from  volcanos 
eonsist  of  muriatic  acid  gas,  sulphur  combined  with  oxygen  ot 
^grdrogen,  carbonic  acid  gas,  and  nitrogen;  to  which  must  be 
added  a  great  quantity  of  aqueous  vapour  f. 

Volcanic  eruptions  are  usually  preceded  by  detonations  in  the 
Boontain,  and  agitations  of  the  earth,  or  earthquakes  in  the  vici- 
Bity,  after  which  the  mountain  vomits  forth  an  abundance  of  ashes, 
dnders,  and  stones ;  and  streams  of  melted  lava  flow  from  aper- 
teres  made  in  the  side  of  the  cone,  the  resistance  of  which  becomes 
tmequal  to  the  pressure  of  the  melted  mass  within.  The  lava  very 
nrely  seems  to  proceed  from  the  lip  of  the  crater. 

The  following  is  a  siunmary,  from  various  authorities,  of  the 
heat  and  appearances  of  a  lava-current.  "  Lava,  when  observed 
a  near  as  possible  to  the  point  from  whence  it  issues,  is  for  the 
most  part  a  semifluid  mass  of  the  consistence  of  honey,  but  some- 
times so  liquid  as  to  penetrate  the  fibre  of  wood.  It  soon  cools 
externally,  and  therefore  exhibits  a  rough  unequal  surface;  but  as 
it  is  a  bad  conductor  of  heat,  the  internal  mass  remains  liquid 
long  after  the  portion  exposed  to  the  air  has  become  solidified. 
The  temperature  at  which  it  continues  fluid  is  considerable  enough 
to  melt  glass  and  silver,  and  has  been  found  to  render  a  mass  of 
lead  fluid  in  four  minutes ;  when  the  same  mass,  placed  on  red 
hot  iron,  required  double  that  time  to  enter  into  fusion."  The 
heat  does  not,  however,  appear  to  be  always  equal;  for  it  is  stated, 
that  when  bell-metal  was  thrown  into  lava  (of  1794),  the  zinc  was 
melted  and  the  copper  remained  unfused  X. 

The  volcanic  eruption  which  produced  the  greatest  quantity  of 
kra  known  to  have  been  thrown  out  at  one  time,  is  that  recorded 
tt  having  proceeded  in  1783  from  the  low  country  near  Shaptar 
j  Jokul,  in  Iceland.  The  lava  burst  out,  according  to  Sir  G.  Mac- 
kenzie, at  three  diflerent  points,  about  eight  or  nine  miles  from 
j  each  other,  and  spread  in  some  places  to  the  breadth  of  several 
ndles§. 

The  whole  of  Iceland  may  be  considered  as  little  else  than  a 

volcanic  mass,  in  which  there  are  many  apertures  through  which 

I     lava,  ashes,  and  other  products  have  been  ejected.    The  igneous 

matter  struggles  to  escape  in  various  places,  and,  consequently, 

*  Description  of  Volcanos,  p.  377.  f  Ibid,  p.  376. 

X  tHuibeny,  Description  of  Volcanos,  p.  381. 

I  Sir  Gkorge  Mackenzie,  Travels  in  Iceland,  2nd  edit. 
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many  single  eruptions  firom  different  points  have  been  reoorded 
since  historical  times;  nevertheless,  volcanic  discharges  have  taken 
place  at  various  times  through  the  same  apertures.  Thus,  diere 
have  been  twenty-two  eruptions  from  Hecla  since  tiie  year  1004; 
seven  from  Kattlagiau  Jokul  since  900 ;  and  four  from^KraUa 
since  1724. 

As  might  be  expected  in  such  a  region  as  that  of  Iceland,  the 
eruptions  are  not  confined  to  the  immediate  dry  land,  but  have 
pierced  through  the  sea  in  the  vicinity.  In  Januanr  1783,  a  vd- 
canic  eruption,  described  as  flame,  rose  through  uie  sea,  about 
t^rty  miles  from  Cape  Reikianes;  several  islands  were  observed, 
as  if  raised  from  beneath,  and  a  reef  of  rocks  exists  where  theaa 
appearances  occurred.  ''The  flames  lasted  several  months,  during 
which,  vast  quantities  of  pumice  and  light  slags  were  wi^ed  ob 
shore.  In  the  beginning  of  June,  earthquakes  shook  the  whole  of 
Iceland;  tiie  flames  in  the  sea  disappeared;  and  tiie  dreadfid 
eruption  commenced  froQi  the  Shaptar  Jokul,  which  is  nearly  two 
hundred  miles  distant  from  the  spot  where  the  marine  eruption 
^ok  place*." 

Another  submarine  eruption  occurred  near  die  same  island,  in 
June  13, 1830.  An  island  was  produced,  and  consequent  erup* 
tions  were  feared  in  the  interior,  as  in  tiie  case  above  cited  f. 

An  example  of  a  volcano  forcing  its  way  frt>m  beneath  the  sea 
into  the  atmosphere  was  observed  ofl^  St.  Michael's,  Azores,  in 
1811.  It  was  first  seen  above  the  sea  on  June  13th.  On  the  17di 
it  was  observed  by  Capt.  Tillard  and  some  other  gentiemen  from 
the  nearest  cliff  of  St.  Michael's.  The  appearances  were  exceed- 
ingly beautiful,  the  volcano  shooting  up  columns  of  the  blackest 
cinders  to  the  height  of  between  700  and  800  feet  above  the  sor- 
face  of  tiie  water.  When  not  ejecting  ashes,  an  immense  body  of 
vapour  or  smoke  revolved  almost  horizontally  on  tiie  sea.  The 
bursts  are  described  as  accompanied  by  explosions  resembling  a 
mixed  discharge  of  cannon  and  musketry,  and  by  a  great  abun- 
dance of  lightning  t*  By  the  4th  of  July,  a  complete  island  was 
formed,  described  l^  Capt  Tillard  (who  landed  upon  it)  as  nearijF 
a  mile  in  circumference,  almost  circular,  and  about  300  feet  in 
height.  In  the  centre  there  was  a  crater,  then  full  of  hot  water, 
which  discharged  itself  through  an  opening  facing  St  Michael's^ 
To  this  island,  which  afterwards  disappeared,  Capt  Tillard  gave 
the  name  of  Sabrina,  from  tiiat  of  the  frigate  which  he  com- 
manded. 

By  reference  to  the  manuscript  journals  of  the  Royal  Society  of 

*  Sir  George  Mackenzie,  Travels  in  Iceland,  2nd  edit 
f  Journal  de  G^ologie,  torn.  i. 

X  For  a  view  of  this  scene,  and  a  plan  and  elevation  of  the  island,  see 
Sections  and  Views  illustrative  of  Geological  Phsnomena,  pL  34  &  35i» 
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London^  I  find  that  a  volcanic  island  was  thrown  up  among  the 
Western  Islands  about  the  middle  of  the  seventeenth  century. 
Sir  H.  Shares  is  described,  in  the  account  of  the  meeting  of  the 
Royal  Society,  on  January  7, 1690-91  as  having  informed  those 
assembled,  "that  his  father  passing  by  the  Western  Islands  went 
on  shore  on  an  island  that  had  then  been  newly  thrown  up  by  a 
volcano,  but  that  in  a  month  or  less  it  dissolved,  and  sunk  into  the 
tts,  and  is  now  no  more  to  be  found*." 

The  volcano  which  rose  through  the  sea,  in  lat.  37^  11'  N.,  and 
kng.  12''  44'  £.,  off  the  coast  of  Sicily,  in  July  1831,  affords  us 
azecent  example  of  the  propulsion  of  igneous  and  other  rocks 
liinmgh  the  sea  into  the  atmosphere,  forming  an  island.  The 
water  was  observed,  by  Neapolitan  vessels,  to  be  heaved  up  and 
agitated,  and  smoke  to  be  evolved  over  the  spot  in  the  early  part 
a  July.  Intelligence  of  the  circumstance  having  been  received 
atBialta,  vessels  were  dispatched  to  ascertain  the  exact  position  of 
the  new  volcano,  and  to  warn  other  ships  of  the  danger.  On  the 
18th  and  19th  of  July,  Capt.  Swinburne  estimated  the  crater,  then 
above  the  sea,  at  seventy  or  eighty  yards  in  external  diameter,  and 
twenty  feet  above  the  water  in  the  highest  place,  the  agitated  and 
heated  water  in  the  crater  escaping  by  an  outlet  on  one  side. 

Capt.  Swinburne's  account  of  the  eruption  is  highly  interesting, 
and  is  as  foUows :  ''After  the  volcano  nad  emitted  for  some  time 
its  usual  quantities  of  white  steam,  suddenly  the  whole  aperture 
was  filled  with  an  enormous  mass  of  hot  cinders  and  dust,  rushing 
iqpwards  to  the  height  of  several  hundred  feet  with  a  loud  roaring 
noise,  then  fedling  into  the  sea  on  all  sides  with  a  still  louder  noise, 
arising,  in  part  perhaps,  from  the  formation  of  prodigious  quanti- 
ties 01  steam,  which  instantly  took  place.  This  steam  was  first 
of  a  brown  colour,  having  embodied  a  ^eat  deal  of  the  dust :  as 
it  tose  it  gradually  recovered  its  pure  white  colour,  depositing  the 
dost  in  a  shower  of  muddy  rain.  While  this  was  being  accom- 
plished, renewed  explosions  of  hot  cinders  and  dust  were  quickly 
succeeding  each  other ;  while  forked  lightning,  accompanied  by 
lattling  thunder,  darted  about  in  all  directions  within  the  column, 
now  darkened  with  dust,  sreatly  increased  in  volume,  and  distorted 
by  sadden  gusts  and  whinwinds.  The  latter  were  most  frequently 
on  the  lee  side,  where  they  often  made  imperfect  waterspouts  of 
corious  shapes.  None  of  the  stones  and  cinders  thrown  out  ap- 
peared more  than  half  a  foot  in  diameter,  and  most  of  them  much 
smaller  f."    We  learn  from  this  description,  that  the  sides  of  the 

*  These  manuscript  and  unpublished  journals  of  the  Royal  Society 
contain  a  fund  of  curious  information,  highly  illustrative  of  the  science  of 
the  time,  the  heads  of  the  conversations  at  each  meeting  being  entered. 
They  moreover  afford  a  valuable  insight  into  the  progress  of  science 
unce  the  first  establishment  of  the  Royal  Society. 

t  Journal  of  the  Geographical  Society,  1830— 183 1« 
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volcanOi  instead  of  being  formed  of  loose  stones,  cinders  and  ashet, 
as  is  commonly  the  case  in  volcanos  thrown  up  in  the  atmosj^ere^ 
would  probably  be  composed  of  more  solid  beds,  resulting  from 
the  combination  of  boib'ng  mud  with  cinders  and  stones ;  so  that^ 
at  first  sight,  the  beds  might  appear  to  be  composed  of  a  nearly 
homogeneous  rock.  If  we  consider  that  the  heat  of  the  volcano 
would  destroy  the  various  marine  animals,  which  either  lived  in 
or  on  the  sand,  mud,  or  gravel  of  the  previous  bottom,  such  ani- 
mals would  probably  be  buried  beneath  the  mud  and  cinders  de- 
rived from  the  explosions. 

Capt.  Senhouse  landed  (Aug.  3rd)  on  this  volcano  (commonhr 
named  the  Island  of  Sciacca*,  from  being  situated  between  So- 
acca  and  Pantellaria),  and  estimated  the  highest  part  as  being 
160  or  180  feet  above  the  sea  at  that  time.  He  considered  the 
inner  diameter  of  the  crater,  the  latter  being  nearly  a  perfect 
circle,  to  be  about  400  yards,  and  the  circumference  of  the  island 
about  a  mile  and  a  quarter,  or  a  mile  and  a  third  f. 

The  volcano  would  seem  to  have  been  in  activity  some  little 
time  beneath  the  sea  before  it  reared  itself  above  the  surface ;  fbr 
Sir  Pulteney  Malcolm,  while  passing  over  the  same  spot  on  the 
28th  of  the  previous  month  (June),  experienced  shocks  which 
were  then  attributed  to  an  earthquake  t> 

It  can  only  have  been  since  historical  times,  and  by  mere  ac- 
cident, that  instances  of  volcanos  so  forcing  themselves  from  be- 
neath the  sea  could  have  been  recorded.  Now,  the  power  of  maa 
to  do  this  is  so  recent,  that  we  may  conclude  such  occurrences 
to  have  been  far  from  rare ;  and  that,  even  in  the  present  day,  they 


*  The  reader  has  at  present  the  choice  of  no  less  than  four  names  for 
this  new  island,  Corrao,  Hotham,  Graham,  and  Sciacca. 

f  Journal  of  the  Geographical  Society,  1830 — 1831. 

X  There  is  a  tradition  at  Malta  that  a  volcano  existed  in  the  same 
spot  about  the  commencement  of  the  last  century  ;  and  a  shoal  is  laid 
down,  with  four  fathoms  upon  it,  within  a  mile  of  the  same  place  in  an 
old  chart  of  Faden's  and  there  named  Larmour's,  Breakers. — Journal  of 
the  Geographical  Society. 

It  is  impossible  not  to  be  struck  in  the  drawings  and  plans  of  the 
islands  of  Sabrina  and  Sciacca  with  the  resemblance  they  bear  to  those 
volcanic  islands  which  have  basins  in  them,  into  which  there  is  a  narrow 
passage  communicating  with  the  sea.  Deception  Island,  New  South 
Shetland,  (of  which  there  is  a  description  and  apian  in  the  Journal  of  the 
Geographical  Society,)  affords  a  good  idea  of  such  islands.  The  in- 
terior basin  is  there  five  miles  in  diameter  and  ninety-seven  fathoms  deep* 
Many  other  examples  will  readily  present  themselves  to  the  geographer. 
The  communication  between  the  interior  basin  and  the  sea  would  seem 
produced,  in  the  cases  of  Sabrina  and  Sciacca,  by  the  rush  of  the  waters 
out  of  the  crater  daring  the  explosions. 
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lay  hapipen  in  remote  regions,  into  which  civilized  man  rarely, 
'  every  enters,  and  therefore  they  remain  imknown. 
There  are  numerous  islands  in  the  ocean,  composed  almost  en- 
irely  of  volcanic  matter,  and  in  which  active  volcanos  still  exist, 
bat  may  have  heen  thus  formed ;  the  dome  or  cone  not  giving 
ray  herore  the  pressure  of  the  water,  but  gradually  accumulating 
b  mass  of  lava,  cinders  and  ashes,  so  that  uie  islands  have  become 
irm,  and  even  of  considerable  size.  Owhyhee,  or  Hawaii,  is  per- 
hipB  a  magnificent  example  of  such  an  island.  The  whole  mass, 
ntimated  as  exposing  a  surface  of  4000  square  miles,  is  composed 
oflava,  or  other  volcanic  matter,  which  rises  in  the  peaks  of  Mouna 
Koaand  Mouna  Kaah,  to  the  height  of  between  15,000  and  16,000 
bet  above  the  level  of  the  sea.  Mr.  Ellis  describes  the  crater  of 
Kiraaea  as  situated  in  a  lofty  elevated  plain,  bounded  by  a  preci- 
pice fifteen  or  sixteen  miles  in  circumference,  apparently  sunk  from 
two  hundred  to  four  hundred  feet  below  its  original  level.  '^  The 
mr&ce  of  this  plain  was  uneven,  and  strewed  over  with  loose 
stones  and  volcanic  rock ;  and  in  the  centre  of  it  was  the  great 
crater,  at  a  distance  of  a  mile  and  a  half  from  the  place  where 
we  were  standing.  We  walked  on  to  the  north  end  of  the  ridge, 
where,  the  precipice  being  less  steep,  a  descent  to  the  plain  below 
seemed  practicable.  After  walking  some  distance  over  the  sunken 
plain,  which  in  several  places  sounded  hollow  under  our  feet,  we  at 
loigth  came  to  the  edge  of  the  great  crater,  where  a  spectacle 
suMime,  and  even  app^ling,  presented  itself  before  us.  Imme- 
diately before  us  yawned  an  immense  gulf,  in  the  form  of  a  cres- 
cent, about  two  miles  in  length,  from  N.£.  to  S.W.,  nearly  a  mile 
m  width,  and  apparently  800  feet  deep.  The  bottom  was  covered 
with  lava,  and  the  S.W.  and  northern  parts  of  it  were  one  vast 
flood  of  burning  matter,  in  a  state  of  terrific  ebullition,  rolling  to 
and  fro  its  '  fienr  surge  *  and  flaming  billows.  Fifty-one  conical 
islands  of  varied  form  and  size,  containing  so  many  craters,  rose 
either  round  the  edge,  or  from  the  surface  of  the  burning  lake ; 
twen^-two  constantly  emitted  colunms  of  gray  smoke,  or  pyramids 
of  brilliant  flame;  and  several  of  these  at  the  same  time  vomited 
from  their  ignited  mouths  streams  of  lava,  which  rolled  in  blazing 
torrents  down  their  black  indented  sides  into  the  boiling  mass 
below."  Mr.  Ellis  concluded,  from  the  existence  of  these  cones, 
that  the  mass  of  boiling  lava  resulted  from  the  streams  poured 
from  the  craters  into  this  upper  reservoir,  which  appeared  to  vary 
in  ite  level ;  for  there  were  marks  on  the  rocks  bounding  it,  which 
showed  that  the  great  crater  had  been  recently  filled  up  300  or  400 
feet  higher  to  a  black  ledge,  from  whence  there  was  a  slope  to  the 
hot  flmd  mass*. 

*  Ellis,  Tour  through  the  Sandwich  Islands.    An  interesting  account 
of  the  state  of  Kirauea,  in   1829,  will  be  found  in  Stewart's  Visit  to  the 
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It  will  be  obvious  that  this  crater  by  no  means  resemblefl  thoce 
with  which  we  are  more  familiar.  Instead  of  the  more  or  less 
rounded  orifice  usually  found,  we  have  a  semicircular  crack  in  a 
level  of  considerable  extent,  and,  by  the  description*  this  levdl 
does  not  appear  to  have  been  ravaged  by  lava  streams  Bomiog 
from  the  crater  over  it  The  depth  of  water  round  Owhyhee,  anS 
indeed  round  the  Sandwich  Islands  generally,  is  so  great,  that 
they  are  somewhat  dangerous  to  approach  in  stormy  weather,  as 
anchorage  cannot  be  obtained  except  close  to  the  land ;  seeming 
to  show  that  these  volcanic  masses  rise  from  considerable  depths 
and  are  only  partly  out  of  the  water. 

The  number  of  volcanos  which  fringe  the  Pacific  Ocean,  or  <»• 
cur  in  it,  or  in  that  part  of  the  Indian  Seas  which  contains  Java 
and  the  neighbouring  islands,  far  exceeds  that  of  any  other  put 
of  the  world.     From  Terra  del  Fuego  they  occur  northerly  thriHi^ 
the  range  of  the  Andes,  often  attaining  very  considerable  eleva- 
tions.    In  Mexico  the  northerly  line  is  met  by  an  east  and  wert 
line,  connecting  it  with  the  volcanos  in  the  West  Indian  Islandb  , 
In  California  there  are  three  volcanos,  of  which  one.  Mount  St.  E^Mf  \ 
is  variously  estimated  from  13,000  to  17,000  feet  in  height.  Ame*  '■ 
rica  is  connected  with  Asia  by  means  of  the  volcanic  vents  of  the 
Aleutian  Isles.  From  Kamtschatka  southwards  we  observe  vokip 
nos  in  the  Kurule  Islands,  Japan,  the  Loo  Choo  Isles,  Formosa,  and 
the  Philippines.     From  the  latter  islands  a  range  of  volcanic  venli 
proceeds  to  nearly  lat.  10^  S.,  ranges  westward  along  this  paraUd 
for  about  twenty-five  degrees  of  longitude,  and  then  turns  up  N.W. 
diagonally  through  about  twenty  degrees  of  latitude.    This  line^ 
which  when  represented  in  maps  *  resembles  an  enormous  fish*  ] 
hook,  passes  from  the  Philippines,  by  the  N.£.  point  of  Celebe% 
Gilolo,  the  volcanic  isles  between  New  Guinea  and  Timor,  Floii% 
Sumbawa,  Java,  and  Sumatra,  to  Barren  Island. 

Active  volcanos  are  by  no  means  relatively  so  abundant  in,  or 
on  the  shores  of,  the  Atiiantic.  Indeed  the  shores  of  this  ocean 
in  Europe,  Africa  and  America,  appear  free  from  them,  if  we  ex- 
cept Mexico  and  the  land  connecting  the  main  body  of  Nordi 
America  with  the  Southern  continent,  and  which  may  be  cons- 
dered  as  common  both  to  the  Atlantic  and  Pacific  Oceans  f. 

Tenerifie  afibrds  the  greatest  volcanic  elevation  in  the  AJdantie, 


South  Seas.  The  general  description  is  not  materially  different,  tbe 
changes  being  principally  in  the  crater. 

*  See  Von  Buch's  Canary  Islands,  pi.  13 ;  and  a  corrected  reductioo 
of  this  in  Lyell's  principles  of  Geology,  pi.  1. 

f  Mr.  Scoresby  notices  a  volcano  off  the  main  land  of  Greenland. 
This  volcano  is  situated  in  the  island  of  Jan  Mayen,  presented  marks  of 
recent  eruption,  and  had  a  crater  about  500  feet  deep,  and  2000  feet  in 
diameter.    Edin.  Phil.  JoumaL 
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the  Peak  rising  12,216  feet  above  its  surface.  Iceland,  though 
ksTolcanoe  do  not  attain  any  considerable  elevation,  presents  tne 
higest  accumulation  of  volcanic  matter  above  the  level  of  the  same 
nais  of  waters. 

We  have  seen  that  in  Iceland  high  cones  or  elevations  of  land 
do  not  always  accompany  volcanic  eruptions,  for  the  lava  of  1783 
vans  to  have  flowed  from  comparatively  low  apertures.  Eleva- 
tes seem  more  especially  formed  when  the  erupted  matter  con- 
■b  of  cinders,  ashes,  or  stones,  which  being  ejected,  arrange 
tbmselves  in  a  conical  manner  around  the  central  aperture,  where 
Ae  amount  of  melted  rock  or  lava  may  vary.  The  escape  of  this 
mdted  rock  will,  in  a  great  measure,  depend  on  its  relative  pro- 
portion to  the  cinders,  ashes,  or  stones  thrown  out.  If  these  be 
St  eomparatively  small  quantity,  the  lava  will  have  the  less  diffi- 
cnltv  to  escape,  and  may  easily  break  down  its  barrier  and  rush 
ftcth.  But  when  the  proportions  are  inverted,  a  large  cone  may 
be  raised  without  the  escape  of  any  lava-current.  Between  the 
two  extremes  there  will  be  every  kind  of  variation,  and  lava- cur- 
rents will  flow  from  various  apertures  and  at  various  heights.  By 
repeated  action  a  volcano  acquires  considerable  solidity  at  its  base, 
hs  the  loose  erupted  matter  is,  independently  of  the  consolidation 
poduced  by  other  causes,  bound  together  by  lava  radii  proceed- 
ing from  the  central  aperture.  Rents  are  often  produced  in  the 
hitf  particularly  when  the  sreat  vent  has  accumulated  matter  to 
t  considerable  height,  and  mrough  these,  lava  is  protruded ;  the 
rtreams  so  thrown  out  serving  to  brace  the  lower  parts  of  the 
moimtain  more  firmly  together.  The  occurrence  of  such  apertures 
it  precisely  what  we  should  expect  in  a  volcano,  which  had  ac- 
cimiulated  materials  upon  it  nearly  equal  to  the  average  force  of 
the  elastic  vanours  propelling  igneous  matter  upwards ;  for  the  pres- 
nre  of  the  elevated  column  being  very  considerable,  and  in  pro- 
portion to  its  height,  it  will  always  struggle  to  free  itself  in  the 
direction  of  the  least  resistance.  Now  the  sides  of  a  volcanic 
moontain  are  not  likely  to  be  homogeneous,  but  to  vary  much  in 
their  reaisting  powers,  being  most  solid  where  crossed  by  lava- 
ennents,  and  weakest  where  merely  formed  of  ashes  or  substances 
of  the  like  nature.  If  to  these  causes  of  unequal  resistance  to  pres- 
sure, we  add  the  fractures  and  rents  produced  by  shocks  in  the 
mountain  itself  we  should  always  expect  to  find  lateral  discharges 
of  lava  common,  while  similar  streams  from  the  mouth  would  be 
nre. 

M.  von  Buch  is  the  author  of  a  theory  respecting  the  elevations 
of  volcanos,  which  has  been  adopted  by  many  geologists,  while  it 
hat  been  combated  by  others.  He  observes,  that  the  appearances 
of  man  V  craters  are  such,  that  we  can  scarcely  consider  them  as 
oupted  in  the  ordinary  way ;  because  they  do  not  seem  to  pre- 
sent either  lava-currents,  or  such  an  arrangement  in  the  deposit 
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of  other  volcanic  substances  as  to  justii^  such  a  ooiichuioiL' 
To  these  craters  he  has  given  the  name  of  Craters  of  Elevatioif 
{Erhehungs  Crater e).    It  has  been  opposed  to  this  theory,  thift 
it  presupposes  an  horizontal  accumulation  of  lava  or  other  f^ 
canic  matters,  previously  to  the  propulsion  of  elastic  vapoms 
through  it,  which  should  elevate  the  flat  mass  in  a  dome  or  com^' ; 
and  hurst  through  the  highest  part,  presenting  the  appearance  of  t 
crater  of  eruption.  How  far  this  objection  may  be  valid  would  seenr 
to  depend  on  the  possibility  of  forming  sheets  of  volcanic  matter,' 
which  heat  might  soften  and  elastic  vapours  force  up,  so  that  thtf 
necessary  forms  should  be  produced.     It  may  be  questionaUtf 
whether,  under  a  great  pressure  of  the  sea,  there  is  the  same  Uat* 
dency  to  produce  cinders  and  ashes  as  in  the  atmosphere ;  and  whe-f 
ther  the  superincumbent  weight  would  not  so  act  upon  the  wfXA 
matter  ejected,  that  it  would  be  forced  into  fusion,  and  sheets  of 
melted  matter  be  the  result,  if  the  elastic  vapours  beneath  a  columtf 
of  melted  rock  were  sufiiciently  powerful  to  overcome  the  resistanotf 
both  of  the  column  of  lava  and  the  superincumbent  water.  If  sudi 
would  be  the  state  of  things  beneath  a  considerable  depth  of  watery . 
the  tendency  to  produce  ashes  and  cinders  in  a  volcanic  vent' 
would  increase  with  its  approach  to  the  surface  of  the  water;  KoM 
therefore  all  the  phsenomena  of  eruptions  from  beneath  the  surfiutf 
of  the  sea  would  differ  but  little  from  those  observed  in  the  at- 
mosphere.  Another  objection  to  the  theory  of  craters  of  elevatidBi 
is,  that  the  stratification  of  such  supposed  craters  is  precisely  that 
of  craters  of  eruption  ;  and  that  therefore  the  inference  from  thJt 
circumstance  would  be  in  favour  of  the  latter,  because  we  now  hsv^  i 
daily  examples  of  such  modes  of  formation,  while  of  the  other  wii  | 
have  none.     Data  on  this  subject  are  so  few,  that  it  seems  diffi' ' 
cult  to  estimate  the  value  of  this  objection.    The  fact,  howevery 
that  solid  rocks  can  be  raised  by  elastic  vapours,  is  shown  in  thtf 
case  of  the  Little  and  New  Kameui,  (Island  of  Santorino,)  who* 
brown  trachyte,  of  a  resinous  lustre  and  full  of  crystals  of  glassf 
felspar,  was  upraised ;  the  former  in  1573,  and  the  latter  in  1707 
and  1709.    The  elevation  of  the  Little  Kameni  was  '*  accomp*-' 
nied  by  the  discharge  of  large  quantities  of  pumice,  and  a  gntt 
disengagement  of  vapour*."   By  terming  this  rise  an  earthquake, 
we  merely  seem  to  be  using  two  names  for  the  same  thing.    That 
there  were  elastic  vapours  it  is  clear,  and  that  these  vapours  were 
the  propelling  power  may  fairly  be  inferred ;  therefore  the  hci  ik 
the  same,  whether  we  call  it  an  earthquake  or  a  volcanic  eleva- 
tion, and  it  would  be  somewhat  difficult  to  draw  fine  lines  of  dis- 
tinction between  the  two.    The  trachyte  of  New  Kameni  was 
observed  to  have  shells  upon  it  when  raised,  and  limestone  and 
marine  shells  are  described  as  composing  a  part  of  these  otherwiflO 

*  Lyell,  Principles  of  Geology,  vol.  i.  p.  386. 
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IS  ttlands*.    These  occurrences  at  Santorino  are  quite  suffi- 

0  show,  that  volcanic  rocks,  with  shells  upon  them,  may  he 
bodily  to  the  surface.  Langsdorff  notices  a  trachyte  rock 
eet  hi^h,  which  appeared  in  1795  near  the  Island  of  Una- 
ay  and  which  seemed  to  have  heen  thrown  up  as  a  mass 
be  bottom  of  the  sea  f .  M.  Omalius  d'Halloy  cites  M.  Rein- 
as  stating,  that  on  the  western  side  of  the  Isle  of  Banda, 
was,  in  1820,  replaced  by  a  promontory  formed  of  huge 
of  basalt    The  rise  of  land  is  described  as  having  been  so 

J,  that  the  inhabitants  were  not  aware  of  the  change  until 
nearly  completed.  It  was  accompanied  by  a  bubbling  and 
deat  of  the  sea^.  Considering  this  account  as  correct,  it  is 
irkable  example  of  the  quiet  rise  of  land  above  the  level  of 
ean. 

enious  explanations  have  been  given  to  account  for  the  large 
8  which  have  been  termed  craters  of  elevation.  Mr.  Lyell 
iers  that  the  crater  resulting  from  the  destruction  of  the 
it  of  Etna  in  1444,  was  as  large  as  those  noticed  in  other 

1  and  named  craters  of  elevation;  and  supposes  that  a  series 
iat  explosions  might  so  reduce  the  cone,  that  finally  there 

be  a  circular  bay,  forty  or  fifty  miles  round,  in  an  island 
ty  or  eighty  miles  in  circumference,  wholly  composed  of  vol- 
rocks  which  should  dip  outwards.  But  supposing  such  ap- 
aces  to  have  been  produced,  the  whole  base  of  Etna,  a  kind 
cular  island,  would  still  show  its  lava-currents,  sections  of 
1  would  be  observed  in  the  interior  bay,  or  might  be  exposed 
[e,  and  no  doubt  would  remain  that  it  was  a  crater  of  erup- 

How  £Eu:the  so  called  "  craters  of  elevation  "  may  resemble 
ipposed  case  of  Etna  remains  to  be  seen ;  yet  if  they  should 
IS  is  considered  they  do  not,  present  traces  of  lava-currents, 
ing  from  a  centre  or  centres,  but  large  envelopes  of  trach3rte 
ler  fused  volcanic  rock,  they  can  scarcely  be  referred  to  the 
origin.  There  does  seem  a  possibility  of  producing  craters 
;vation  by  the  action  of  heat  and  elastic  vapours  on  a  sheet 
B,  therefore  the  subfect  should  be  fairly  investigated,  without 
with  proper  caution,  and  in  the  necessary  detail, 
is  supposed  that  after  the  craters  of  elevation  were  formed, 
iruptive  action  poured  forth  the  usual  volcanic  substances, 
1,  when  it  was  continued  sufficiently  long,  produced  a  cone  like 
*eak  of  TenerifTe ;  but  when  such  eruptive  action  was  small, 
e  crater  comparatively  recent,  the  appearances  were  such  as 
ow  observe  at  Barren  Island  in  the  na.y  of  Bengal,  where  a 
»1  cone,  in  activity,  in  the  midst  of  a  basin  of  water,  is  sur- 
ded  by  a  circular  range  of  volcanic  ground,  which,  according 

*  Lyell,  Principles  of  Geology,  vol.  i.  p.  386. 

t  Daubeny,  Description  of  Volcanos,  p.  310. 

t  Omalius  d'Halloy,  Elements  de  G^ologle,  p.  405. 
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to  ihe  figure  given  by  Mr.  Lyell  *,  rises  at  an  angle  of  aWit  45^ 
from  the  sea.  The  height  of  the  central  cone  is  about  1800  feet 
above  the  water,  and  tne  elevation  of  the  surrounding  volcanic 
circle  being  nearly  the  same,  the  interior  is  only  viewed  through  t 
break  in  it.  It  would  appear  that  the  rocks  of  this  island  are  est- 
tremely  hot;  for  Capt.  Webster,  landing  upon  it  in  March  1822  a 
1823,  found  the  water  almost  boiling  at  one  hundred  yards  froa 
the  shore ;  the  stones  upon  the  beach,  and  the  rocks  exposed  hj 
the  ebb  tide,  hissing  and  steaming,  and  the  water  bubbling  aromi 
themf. 

Von  Buch  adduces  the  Caldera  in  the  Isle  of  Palma,  Canaries 
as  a  good  example  of  the  craters  of  elevation.  A  large  predpfr 
tous  cavity  or  crater  exists  in  a  lofty  range  sloping  outwarai^ 
which  incloses  it  on  all  sides  but  one,  where  a  gorge  forms  dM 
only  communication  from  the  exterior  to  it.  The  sides  of  tidi 
great  cavity  expose  a  section  of  beds  of  basalt,  and  conglomeratM 
composed  of  basaltic  fragments,  dipping  regularly  outwards.  No# 
if  the  beds  be  so  regular,  and  not  composed  of  scoriaceous  mattsr 
or  ashes,  their  formation  would  seem  not  to  have  taken  place  a 
the  air  or  beneath  a  small  pressure  of  water,  but  under  ai£feTeit 
circumstances,  which  would  permit  the  basalt  to  be  flattened  into 
tabular  masses,  not  presenting  the  appearance  of  lava-currenti 
which  have  flowed  in  the  atmosphere. 

Jorullo  afibrds  a  striking  example  of  the  outburst  of  volcanie 
action  in  the  interior  of  dry  land,  where  no  active  volcanos  th«B 
existed,  though  the  rocks  in  the  vicinity  would  seem  to  indicate  their 
previous  presence.  Judging  from  the  direction  of  the  vents,  a  deft 
seems  to  extend  east  and  west'  across  Mexico  tb  the  Revillagi- 
gedo  Isles  in  the  Pacific.  Previous  to  June  1759,  the  space  when 
ihe  volcano  of  Jorullo  now  stands  was  covered  by  indigo  and  sugn^ 
canes,  bounded  by  two  brooks,  the  Cuitimba  and  San  Pedro.  Im 
June,  hollow  subterranean  noises  were  heard,  accompanied  \if 
earthquakes,  which  lasted  from  fifty  to  sixty  days.  Tranquillitf 
seemed  re-established  at  the  commencement  of  September,  hk 
on  the  28th  and  29th  of  this  month  the  subterraneous  noisec 
again  commenced,  and,  according  to  Humboldt,  the  ground, 
with  a  superficies  of  three  or  four  square  miles,  rose  up  like  a 
bladder.  The  extent  of  this  movement  is  considered  to  be  nov 
marked  by  an  elevation  round  its  edges  of  39  feet,  gradually  ae- 
quirin^  a  height  of  524  feet  towards  the  centre  of  the  present  vol- 
canic district.  The  eruption  appears  to  have  been  very  violeat, 
fragments  of  rock  were  hurled  to  great  heights,  ashes  were 
thrown  up  in  clouds,  and  the  light  emitted  was  seen  at  consider- 
able distances.    The  Cuitimba  and  San  Pedro  are  described  ai 

*  Principles  of  Geology,  vol.  i.  p.  390. 
f  Edin.  Phil.  Journal,  vol.  viii. 
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precqntated  themselves  into  the  volcanic  vent,  and  to  have 
I,  by  the  decomposition  of  their  waters,  the  fiuy  of  the 
n.  "  Eruptions  of  mud,  and  especially  of  strata  of  clay, 
»ing  balls  of  decomposed  basalt  in  concentric  layers,  ap- 
indicate  that  subterraneous  water  had  no  small  share  m 
ing  this  extraordinary  revolution.  Thousands  of  small 
from  6  to  10  feet  in  height,  called  by  the  natives  Homitos 
,  issued  forth  from  the  Malpays.  Each  small  cone  is  a 
e,  from  which  a  thick  vapour  ascends  to  the  height  of  from 
2  feet  In  many  of  them  a  subterraneous  noise  is  heard, 
ippears  to  announce  the  proximity  of  a  fluid  in  ebullition." 
imid  these  cones,  six  volcanic  masses,  varying  from  300  to 
et  in  height  above  the  old  plain,  were  ejected  from  a  chasm 
a  direction  N.N.E.  and  S.S.W.  The  most  elevated  mass 
id  Jorullo,  and  from  its  north  side  a  considerable  quantity 
containing  fragments  of  other  rocks,  has  been  thrown  out. 
eat  erijptions  ceased  in  February  1760,  and  afterwards  be- 
gradually  less  frequent. — ^The  opponents  to  the  theory  of 
of  elevation  consider  the  raising  of  the  ground  in  the  form 
tdder  as  not  altogether  proved,  resting  on  Indian  accounts 
3arances,  which  nave  been  considered  wi^  reference  to  a 
lar  theory. 

well-known  Monte  Nuovo  near  Naples  was  thrown  up 
y  and  a  night  in  1538.  This  is  also  described  as  ejected 
fissure.  The  present  height  of  this  volcanic  elevation  is 
it  above  the  sea,  and  its  circumference  about  a  mile  and  a 

ous  descriptions  of  volcanic  eruptions  will  be  found  in 
dedicated  to  the  subject,  and  could  not  be  admitted  within 
sessary  limits  of  this  volume.  The  following  account,  how- 
ibtained  by  the  exertions  of  Sir  Stamford  Raffles,  of  a  great 
•n  from  Tomboro,  in  the  island  of  Sumbawa,  is  too  impor- 
»  be  omitted.  The  first  explosions  were  heard  at  various 
places,  where  they  were  very  generally  mistaken  for  dis- 
8  of  artillery'.  They  commenced  on  the  5th  of  April  1815, 
mtinued  more  or  less  until  the  10th,  when  the  eruptions 
s  more  violent ;  and  such  a  great  discharge  of  ashes  took 
hat  the  sky  was  obscured,  and  darkness  prevailed  over  con- 
>le  distances.  It  appears  that  a  Malay  prow,  while  at  sea 
11th,  far  from  Sumbawa,  was  enveloped  in  utter  darkness, 
kat,  afterwards  passing  the  Tomboro  mountain  at  the  dis- 
]f  about  five  miles,  the  commander  observed  that  the  lower 
>peared  in  flames,  while  the  upper  portion  was  concealed  in 
Upon  landing,  for  the  purpose  of  procuring  water,  he 
the  ground  covered  to  the  depth  of  tnree  feet  by  ashes, 
several  large  prows  thrown  on  shore  by  the  concussion  of 
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the  sea."  Quitting  Sumbawa,  be  with  difficulty  sailed  throngb 
quantity  of  these  ashes  floating  on  the  sea,  which  he  described  i 
two  feet  thick,  and  several  miles  in  extent.  This  person  ab 
stated  that  the  volcano  of  Csurang  Assam,  in  Bali,  was  convulse 
at  the  same  time.  The  most  interesting  account  is  that  presents 
us  by  the  commsmder  of  the  East  India  Company's  crmser  Bi 
nares,  which  is  nearly  as  follows : — At  the  commencement  of  tk 
explosions  this  vessel  was  at  Macasar,  and  the  reports  so  dosd 
resembled  those  of  cannon,  that  it  was  supposed  there  was  an  ei 
gagement  of  pirates  somewhere  in  the  neighbourhood.  Troo| 
were  consequently  embarked  on  board  the  Benares,  and  the  vn 
sel  stood  out  to  sea  in  search  of  the  supposed  pirates.  On  the  8ti 
of  April  she  returned,  without  having  found  any  cause  for  alan 
On  the  11th  the  apparent  discharges  of  cannon  were  again  heard 
sometimes  shaking  the  ship  and  Fort  Rotterdam.  The  vesse^^ 
ceeded  southward  to  ascertain  the  cause  of  these  explosions^  A 
eight  o'clock  on  the  morning  of  the  12th,  'Uhe  face  of  the  beavoi 
to  the  southward  and  westward  had  assumed  a  dark  aspect,  and! 
was  much  darker  than  when  the  sun  rose;  as  it  came  nearer  itai 
sumed  a  dusky  red  appearance,  and  spread  over  every  part  of  di 
heavens ;  by  ten  it  was  so  dark  that  a  ship  could  hardly  be  seei 
a  mile  distant ;  by  eleven  the  whole  of  the  heavens  was  obscured 
except  a  small  space  towards  the  horizon  to  the  eastward,  tin 
quarter  from  which  the  wind  came.  The  ashes  now  began  to  fid 
in  showers,  and  the  appearance  was  altogether  truly  awful  an 
alarming.  By  noon  the  light  that  remained  in  the  eastern  parte 
the  horizon  disappeared,  and  complete  darkness  covered  the  fiio 
of  day.  This  continued  so  profound  during  the  remainder  of  dM 
day,  that  I  (the  commander  of  the  Benares)  never  saw  anythim 
to  equal  it  in  the  darkest  night ;  it  was  impossible  to  see  the  ham 
when  held  close  to  the  eyes.  The  ashes  fell  without  intermisaifli 
throughout  the  night,  and  were  so  light  and  subtile  that,  notwilk 
standing  the  precaution  of  spreading  awnings  fore  and  aft  as  mud 
as  possible,  they  pervaded  every  part  of  the  ship." 

''At  six  o'clock  the  next  morning  it  continued  as  dark  as  ever 
but  began  to  clear  about  half-past  seven,  and  about  eight  o'dod 
objects  could  be  faintly  observed  on  deck.  From  this  time  it  be 
gan  to  clear  very  fast  ....  The  appearance  of  the  ship  whs 
day-liffht  returned  was  most  singular;  every  part  being  coverei 
with  the  falling  matter.  It  had  the  appearance  of  calcined  pumiee 
stone,  nearly  the  colour  of  wood- ashes ;  it  lay  in  heaps  of  a  fiMH 
in  depth  in  many  parts  of  the  deck,  and  several  tons  weight  of  il 
m*ist  have  been  thrown  overboard ;  for  though  an  impalpable  pow- 
der^or  dust  when  it  fell,  it  was,  when  compressed,  of  considerabk 
weight.  A  pint  measure  of  it  weighed  twelve  ounces  and  thiM 
quarters ;  «w  was  perfectly  tasteless,  and  did  not  affect  the  eyes  with 
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t painful  sensation;  had  a  faint  smell,  but  nothing  like  sulphur; 
wben  mixed  with  water  it  formed  a  tenacious  mud  difficult  to  be 
wished  off." 

The  same  vessel  left  Macasar  on  the  13th,  and  made  Sumbawa 
OB  the  18th.  Approaching  the  coast  she  encountered  an  immense 
fiantity  of  pumice-stone,  mixed  with  numerous  trees  and  logs 
irith  a  burnt  and  shivered  appearance.  When  arrived  at  Bima 
hy,  the  anchorage  was  found  to  be  altered,  as  the  vessel  grounded 
•  A  bank  where  a  few  months  previously  there  had  been  six  fa- 
Aims  of  water.  The  shores  of  the  bay  were  entirely  covered  with 
Ae  ashes  ejected  from  Tomboro,  which  is  distant  about  forty 
■lies.  The  explosions  heard  at  Bima  were  described  as  terrific, 
■li  the  fall  of  ashes  so  heavy  as  to  break  in  the  Resident's  house 
in  many  places.  There  was  no  wind  at  Bima,  but  the  sea  was 
gieatly  agitated,  the  waves  rolling  on  shore,  and  filling  the  lower 
puts  of  the  houses  a  foot  deep.  When  off  the  Tomboro  moun- 
tain, about  six  miles  distant,  on  the  23rd,  the  commander  of  the 
Benares  observed  the  summit  to  be  enveloped  in  smoke  and  ashes, 
widle  the  sides  showed  lava-currents,  some  of  which  had  reached 
die  sea. 

The  explosions  were  heard  at  very  considerable  distances.  Not 
aJy  were  they  noticed  at  Macasar,  which  is  217  nautical  miles 
fiom Tomboro,  but  also  tliroughout  the  Molucca  islands;  at  a  port 
in  Sumatra,  distant  about  970  nautical  miles  from  Sumbawa;  and 
at  Temate,  distant  720  miles. 

Lieut  Phillips  being  dispatched  to  relieve  the  wants  of  the  in- 
khitants,  who  were  perishing  from  famine  and  disease,  learned 
from  the  Rajah  of  Saugar,  that  about  seven  o'clock  in  the  morn- 
ing of  the  10th  of  April,  there  was  an  appearance  of  three  distinct 
cwnmns  of  flame,  all  within  the  crater,  which  united  at  a  great 
hdght  upwards;  and  that,  subsequently,  the  whole  mountain  ap- 
pewed  like  a  mass  of  liquid  fire.  How  far  the  appearance  of 
itme  may  be  correct,  it  would  be  difficult  to  say,  as  nothing  is  so 
common  as  deceptive  appearances  of  this  kind;  its  character,  how- 
ever, would  seem  remarkable. 

The  Rajah's  account  proceeds: — "The  fire  and  columns  of 
flame  continued  to  rage  with  unabated  fiiry,  until  the  darkness 
caused  bv  the  quantity  of  falling  matter  about  eight  p.m.  Stones 
at  this  time  fell  very  thick  at  Saugar,  some  of  them  as  large  as 
tvo  fists,  but  generally  not  larger  than  walnuts."  Soon  after  ten 
fM»  a  violent  whirlwind  arose,  "  which  blew  down  nearly  every 
IxHue  in  the  village  of  Saugar,  carrying  the  tops  and  liglit  parts 
along  with  it.  In  the  part  of  Saugar  adjoining  Tomboro  its  effects 
were  much  more  violent,  tearing  up  by  the  roots  the  largest  i.ees, 
and  carrying  them  into  the  air,  together  with  men,  houses,  cattle, 
and  whatever  else  came  within  its  influence."    Thduea  was  agi- 
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tated,  rising  twelve  feet  higher  than  it  was  ever  known  to  do  be-' 
fore.  The  water  rushed  upon  the  land,  sweeping  away  houses  and 
all  within  its  influence,  and  destroying  the  few  rice-grounds  which 
previously  existed  at  Saugar.  As  might  have  heen  expected  amid 
such  a  convulsion,  a  ^eat  destruction  of  life  was  effected,  and 
many  thousand  inhahitants  were  killed.  The  vegetation  on  th» 
north  and  west  sides  of  the  peninsula  was  completely  destroyed^ 
with  the  exception  of  a  high  point  of  land  where  the  village  dL 
Tomhoro  previously  stood,  and  where  a  few  trees  still  remained^ 

The  changes  produced  by  such  eruptions  as  that  here  recorded^ 
would,  independently  of  the  alteration  in  the  shape  of  the  volcaatf 
itself,  and  of  the  streams  of  lava  which  flowed  from  it,  exteni- 
to  very  considerable  distances.  On  the  dry  land,  vegetables  and 
animsJs  would  be  entombed  beneath  stones  and  ashes,  the  quain 
tity  of  the  covering  matter  probably  increasing  with  the  proximitf 
to  the  volcano.  And  if  it  should  chance,  as  sometimes  happemy 
that  the  aqueous  vapours  discharged  from  the  volcanic  vent  wcm 
suddenly  condensed,  the  torrents  produced  would  sweep  away  noi 
onlv  the  looser  parts  of  the  volcano,  but  also  the  plants  and  am^' 
mals  which  they  might  encounter,  embedding  them  in  a  tUdc 
mass  of  alluvial  matter. 

The  vegetable  and  animal  substances  enveloped  by  the  dis- 
charged ashes,  cinders,  and  stones  falling  into  the  sea,  would  be 
both  marine  and  terrestrial,  and  a  very  curious  mixture,  as  £Eur  aa 
regarded  its  organic  contents,  would  be  observed;  trees,  men, 
cattle,  fish,  corals,  and  a  great  variety  of  marine  remains,  would 
be  encased,  and  it  might  so  happen  tlf^t  both  on  the  land  and  ai 
the  sea  a  bed  of  lava  might  cover  such  accumulations. 

In  the  case  of  the  great  discharge  of  lava  in  Iceland,  in  the 
year  1783,  many  terrestrial  remains  might  have  been  covered  li^ 
the  igneous  matter,  possibly  some  in  such  situations  as  to  preserva 
their  form.  Should  a  similar  eruption  take  place  in  the  scl^ 
where,  as  before  observed,  the  conditions  are  more  favourable  ftr 
the  production  of  a  sheet  of  lava,  sands  and  clays,  perhaps  full  of 
marine  remains,  would  be  covered  over,  and  very  considerabk ' 
changes  might  be  produced  by  such  a  superincimibent  mass  of 
heated  matter.  Upon  which,  after  a  certain  time,  sands  and  dayi^ 
again  charged  with  organic  remains,  might  be  accumulated,  wmo 
a  new  eruption  might  again  cover  them.  Thus  producing  an  al- 
ternation of  igneous  and  aqueous  rocks. 

Mr.  Henderson  notices  an  alternation  of  fossil  wood,  day,  and 
sandstone  in  Iceland,  surmounted  by  basalt,  tufi^  and  lava.  When 
this  accumulation  of  vegetable  matter  was  so  covered  is  not  so 
clear;  but  if  Mr.  Henderson  be  right  in  considering  many  of  the 

*  Life  of  Sir  Stamford  Raffles. 
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foual  leaves  as  tboae  of  the  poplar,  it  is  not,  probably,  ver}'  recent, 
lor  it  mpposes  a  change  of  climate,  as  poplars  do  not  now  grow 
ID  Iceland*. 

During  great  explosions,  volcanos  cannot  be  approached  suffi- 
ciently near  for  the  purposes  of  very  minute  observation ;  there- 
kte  we  can  only  judge  of  some  of  the  probable  effects  from  ap- 
pnrances  at  their  calmer  periods,  and  consequently  a  minor 
rtitte  of  activity  is  very  favourable  for  such  examinations.  After 
kfiectual  attempts  to  observe  the  workings  of  the  fluid  mass 
litfain  the  crater  of  Vesuyius  at  the  commencement  of  1829,  when 
Alt  mountain  was  somewhat  active,  I  was  fortunate  enough  on 
Ae  15th  of  February  to  have  ascended  on  a  calm  day,  when  the 
fifoinrs  darted  majestically  upwards  as  they  were  propelled  from 
dtt  small  cone  in  Uie  middle  of  the  grand  crater  f,  and  the  incan- 
dneent  matter  in  the  vent  was  at  times  distinctly  visible, — a  rare 
CKumstance,  as  when  there  is  the  slightest  movement  in  the  air, 
Ai vapours  obscure  every  object.  After  the  more  continued  deto- 
litions  there  was  a  lull  or  calm,  succeeded  by  a  violent  explosion, 
dnowinff  up  stones  to  a  considerable  height,  mixed  with  pieces  of 
isdrhot  lava,  which  latter  fell  Hke  lumps  of  soft  paste  on  the  sides 
rf  the  small  cone.  When  the  vapour  cleared  away,  the  red-hot 
mass  appeared  as  if  in  ebullition  from  the  passage  of  the  gaseous 
natters  through  it  The  light  emitted  varied  exceedingly  in  in- 
tensity, being  brightest  at  the  moment  of  the  great  explosion,  when 
i  great  volume  of  vapour  suddenly  forced  its  way  through  the  fiery 
■Hi,  darting  up  with  great  velocity,  and  carrying  all  before  it. 
Wishing  to  profit  by  my  good  fortune,  I  continued  many  hours  on 
Ae  mountain,  until  night  closed  in,  hoping  that  objects  might  be 
perceived  within  the  crater  not  previously  observed.  In  this  I 
vas  disappointed,  appearances  being  the  same,  though  more  dis- 
tisetly  visible.  The  picturesque  effect,  however,  was  greatly 
brightened;  the  solid  ejected  substances  darted  upwards  like  a 
BBod  discharge  of  red-hot  balls,  while  the  reflection  of  the  incan- 
sewscnt  matter  within,  on  the  vapour  above,  was  at  times  exceed- 
ing brilliant,  producing,  at  a  distance,  those  false  appearances  of 
flnies,  which,  there  are  very  good  reasons  for  supposing,  do  not 
line  from  volcanos;  the  often  recorded  appearances  of  this  nature 
Ixiag  merely  reflected  light,  varying  in  intensity  according  to  the 
tttinty  of  the  mountain. 

The  products  of  active  volcanos,  though  man  seems  to  exhaust 
lui  language  in  finding  terms  to  express  his  horror  and  dismay  at 
their  mode  of  ejection,  do  not  constitute  such  an  addition  to  dry 

*  Henderson's  Iceland,  vol.  ii.  p.  115.  According  to  this  author,  the 
BSDite  deposit  occurs  extensively  in  the  N.W.  peninsula  of  Iceland. 

t  For  a  sketch  of  the  crater  at  this  time,  see  Sections  and  Views  illus- 
^tive  of  Geological  Pheenomena,  pi.  22. 
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land  as  at  first  sight  would  appear  probable, — ^for  tbeir  mass  must 
be  regarded  relatively  to  the  mass  of  dry  land  generally,  and  not 
with  reference  to  particular  districts.  Moreover,  cavities  eane* 
sponding  with  the  quantity  of  matter  thrown  out  will  sometimes 
occur  not  far  beneath  tbe  surface ;  and  when  the  weight  above  shafl 
overcome  the  resistance  below,  either  suddenly  from  a  violent  cott^ 
vulsion,  or  slowly  from  gradual  change,  the  mass  above  will  faU.  into 
the  abyss  beneath,  and  matter  be,  in  some  measure,  restored  to  iti 

Elace.  Among  volcanic  changes  it  is  by  no  means  uncommon  to 
ear  of  lulls  disappearing,  and  being  converted  into  lakes.  The  moil 
memorable  example,  perhaps,  of  the  disappearance  of  a  volcano,  il 
that  which  took  place  in  Java  in  1772.  The  Papandayang,  on  die 
south-western  part  of  the  island,  reputed  one  of  its  largest  volcanoBj 
was  observed  at  night,  between  the  1 1th  and  12th  of  August,  to  be 
enveloped  by  a  luminous  cloud.  The  inhabitants  being  alarmed^ 
betook  themselves  to  flight,  but  before  they  could  all  escape,  i1m 
mountain  fell  in,  accompanied  by  a  sound  resembling  the  disr 
charge  of  cannon.  Great  quantities  of  volcanic  substances  wen 
thrown  out,  and  carried  over  many  miles.  The  extent  of  ground 
thus  swallowed  up  was  estimated  at  fifteen  miles  by  six.  For^ 
villages  were  engulfed  or  covered  by  the  substances  thrown  out) 
and  2957  persons  were  reported  to  have  been  destroyed*. 

Extinct  Voleanos, 

'  From  a  similarity  of  appearances,  rocks  existing  under  certaii 
circumstances  where  there  are  at  present  no  active  vents,  havi 
been  attributed  to  a  volcanic  origin.  To  draw  fine  lines  ci 
distinction  between  voleanos  now  in  activity  and  those  whidi 
appear  extinct,  would  be  almost  impossible,  for  there  is  no  cer- 
tainty  that  the  one  may  not  soon  be  converted  into  the  other.  01 
this  we  probably  have  a  good  example  in  Vesuvius,  which  aflei 
being,  as  far  as  we  can  judge  from  historical  records,  for  a  loii| 
period  extinct,  became  convulsed  in  the  year  79,  destroyed  thi 
higher  part  of  its  old  cone,  part  of  which  now  remaining  i 
named  Monte  Somma,  and  overwhelmed  Herculaneum,  Pompeii 
and  Stabis,  entombing  not  only  men,  but  theatres,  temples,  pt 
laces,  and  innumerable  works  of  art,  which  have  afforded  by  thes 
disinterment  more  real  knowledge^of  the  manners  and  customs  o 
the  ancient  inhabitants  of  these  beautiful  regions  of  Italy,  than  al 
the  writings  which  h^ve  escaped  destruction. 

Solfataras,  as  they  are  termed,  are  usually  considered  as  semi 
extinct  voleanos,  emitting  only  gaseous  exhalations  and  aqueon 
vapour;  but  there  can  be  no  certainty  that  they  also  may  not  agaii 
enter  into  activity.    According  to  Dr.  Daubeny,  .sulphurettet 

*  Horsfield,  as  quoted  by  Daubeny. 
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hydrogen  and  a  small  portion  of  muriatic  acid  are  contained  in 
lie  steam  which  rushes  out  of  the  fumaroles  at  the  Solfatara  near 
Naples.  The  rocks  of  the  crater  and  vicinity  are  greatly  decom- 
poKd  by  the  action  of  these  gaseous  exhalations;  and,  among 
other  salts  thus  formed,  the  muriate  of  ammonia  is  the  most  abun- 
dint  Sol&taras,  variously  modified,  are  by  no  means  rare  in 
folcanic  countries. 

Kot  only  do  extinct  volcanic  vents  occur  in  regions  where 
■dve  Yolcanos  now  exist,  so  that  we  may  imagine  a  mere  change 
rffiery  orifice,  but  they  are  also  found  in  districts  where  all  trace 
tf  activity  has  been  lost  since  the  earliest  historical  times,  if  wc 
enept  the  presence  of  mineral  and  thermal  springs.  In  Central 
fwiee  and  in  Germany  such  appearances  are  particularly  remark- 
lUe,  and  it  has  been  attempted  to  draw  a  line  of  distinction  be- 
tween those  volcanos  which  have  existed  in  a  state  of  activity 
■see  the  establishment  of  the  present  order  of  things,  and  those 
whose  activity  was  previous  to  this  state.  The  subject  is  full  of  diffi- 
ailty,  more  especially  as  respects  Central  France,  where  volcanic 
qections  have  taken  place  at  different  periods ;  so  that  there  is  no 
lody  mode  of  making  geological  distinctions  between  the  ejec- 
tioiLs,  which  would  seem  little  else  than  productions  from  new 
orifices  opened  for  the  discharge  of  volcanic  matter  in  the  same 
legion.  We  may  be  able  to  observe  the  extremes,  but  to  mark 
itnking  and  easnly  distinguishable  points  intermediate  between 
diem  would  be  exceedingly  difficult.  Volcanic  ejections  were 
probably  continued  througn  nearly  the  same  orifices  for  a  long 
period  of  time,  during  which  many  and  great  geological  changes 
vere  taking  place  aroimd  them,  and  on  the  surface  of  the  earth 
generally. 

It  has  been  attempted  to  determine  the  relative  ages  of  volcanos 
Wthe  absence  or  presence  of  craters;  as  also  on  the  supposition 
mat  some  have  existed  prior  to  the  excavation  of  valleys,  while 
others  have  been  produced  after  their  formation,  their  lava-currents 
harihg  been  discharged  into  them.  Such  distinctions  can  scarcely 
be  made;  for  craters  may  be  easily  obliterated,  and  relative  age, 
from  the  excavation  of  valleys,  cannot  be  very  satisfactorily  esta- 
bhshed  amid  circumstances  which  could  so  easily  produce  changes 
m  this  respect.  A  more  direct  mode  has  been  to  try  their  relative 
antiquity  by  means  of  the  mineral  structure  of  their  lavas ;  and 
if  this  should  hold  good,  it  would  be  the  safest  guide;  but  it  may 
be  doubted  how  far  our  knowledge  of  volcanic  products  autho- 
riies  so  general  a  conclusion.  That  there  is  a  great  difference  in 
the  mineral  character,  generally,  between  the  igneous  rocks  of  the 
older  periods  of  the  world  and  those  at  present  formed,  few  will 
doubt  We  know  of  no  granite  or  serpentine  streams  thrown 
out  from  modem  volcanos;  but  when  igneous  rocks  so  closely 

allied  in  geological  dates  as  those  produced  by  active  and  e:yL\.\iv^X 
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volcanoB  are  under  consideration,  such  distinctions  shoviid  not  1 
too  hastily  adopted. 

Dr.  Dauheny  considers  that  the  more  modem  volcanic  pvodw 
of  Auvergne  are  more  cellular,  have  in  general  a  harsher  £ra],  m 
possess  a  more  vitreous  aspect  than  the  more  ancient*. 

In  Auvergne  and  the  Vivarais  there  are  numerous  examples 
the  more  modern  extinct  volcanos,  the  craters  of  which  are  ik 
quently  very  perfect,  or  merely  broken  down  by  the  dischar. 
of  large  lava-currents  from  them.  Details  respecting  them  w 
be  found  in  works  written  expressly  on  the  subject,  and  pictori 
representations  among  the  views  contained  in  Mr.  Scrope's  wo 
on  Central  France  f. 

In  the  district  of  the  Eifel,  near  the  Rhine,  there  are  also  e 
tinct  volcanos  which  have  been  considered  as  comparatively  recei 
from  the  situations  which  they  occupy;  having  been  apparent 
produced  alter  the  formation  of  the  valleys  in  the  neighbouni 
country.  In  the  volcanic  district  of  Central  France  the  lava-co 
rents  have  in  some  places  traversed  valleys,  and  dammed  up  tl 
waters  that  passed  through  them.  The  waters  so  dammed  i 
accumulated  into  a  lake,  which  was  subsequently  drained  ihroQ^ 
a  gorge  cut  in  the  rocky  barrier  by  means  of  the  surplus  wate 
which  not  only  effected  this,  but  also  cut,  by  continual  erosia 
into  the  rock  beneath,  forming  a  part  of  the  original  valley. 

Many  other  examples  of  extinct  volcanos  have  been  noticed  J 
districts  where  active  volcanos  do  not  now  exist.  Their  relath 
antiquity  is  however  so  little  understood,  that  a  general  classifia 
tion  of  them  cannot  be  attempted. 

Mineral  Volcanic  Products. 

Various  classifications  of  volcanic  substances  have  been  pn 
posed,  among  which  the  division  into  Trachytic  and  Basaltic  seen 
to  be  that  most  commonly  adopted ;  trachyte  being  considered  4 
essentially  composed  of  felspar,  and  containing  crystals  of  glast 
felspar;  while  basalt  is  supposed  to  be  essentially  composed  ( 
felspar,  augite,  and  titaniferous  iron.  Lavas,  however,  pretei 
such  various  mixtures  of  different  minerals,  that  exact  classificatioi 
of  them  would  appear  exceedingly  difficult;  and  when  we  coi 
sider  that  these  different  compounds  may  be  infinitely  modific 
by  circumstances,  such  classifications  cannot  be  of  much  vahi 
These  products  are  of  such  a  compound  nature,  consisting  of  fe 
spar,  augite,  leucite,  hornblende,  mica,  olivine,  and  other  mineral 
tnat  definite  names  can  scarcely  be  attached  to  them.  Mr.  Poule 
Scrope  has  distinguished  the  rocks  termed  trachyte,  basalt,  an 

•  Description  of  Volcanos. 

f  Part  of  one  of  the  most  striking  of  these  views  is  copied  in  '<  Sectioi 
and  Views  illustrative  of  Geological  Phsnomena,"  pL  24. 
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traystone  (the  latter  a  name  proposed  by  himself)  under  the  fol- 
Kiwing  heads  : — 1.  Compound  trachyte^  with  mica,  hornblende,  or 
ai^te,  sometimes  both,  and  grains  of  titaniferous  iron.  2.  Simple 
trMchyte,  without  any  visible  ingredient  but  felspar.  3.  Quartzi- 
ferout  trachyte,  when  containing  numerous  crystals  of  quartz. 

4.  Siliceous  trachyte,  when  apparently  much  silex  has  been  in- 
troduced into  its  composition.  1.  Common  graystone,  consisting 
tf  felspar,  auglte,  or  hornblende,  and  iron.  2.  Leucitic  graystone, 
%ken  leudte  supplants  the  felspar.  3.  Melilitic  graystone,  when 
■dilite  supplants  the  felspar,  &c.  1.  Common  basalt,  composed 
4  felspar,  augite,  and  iron.  2.  Leucitic  basalt,  when  leucite 
replaces  the  felspar.  3.  Olivine  basalt,  when  olivine  replaces  the 
felspar.     4.  Hauyine  basalt,  when  hauyine  replaces  the  felspar. 

5.  Perruginous  basalt,  when  iron  is  a  predominant  ingredient. 

6.  Augite  basalt,  when  augite  composes  nearly  the  whole  rock*. 
As  all  fused  substances  will  tend  to  crystallize,  or  arrange  their 

component  parts  more  compactly,  where  their  liquidity  continues 
die  longest,  and  their  loss  of  temperature  is  the  slowest,  we  find 
that  lava-currents  are  always  more  crystalline  or  compact  in  their 
iiterior  parts,  and  that  dykes  cutting  volcanic  cones  are  generally 
nore  compact  and  crystalline  than  the  lavas  which  flow  from 
tbem ;  suca  dykes  being  also  more  crystalline  towards  their  in- 
terior parts  than  towards  their  walls  or  sides.  It  has  been  inferred 
ftom  the  appearsmce  and  distribution  of  the  ejected  matters,  that 
nany  volcanic  rocks  have  not  been  formed  in  the  atmosphere,  but 
beneath  seas,  and  that  they  have  been  subsequently  elevated.  The 
uhes  and  pumice  ejected  from  volcanos  seem  merely,  if  I  may  so 
express  myself  the  frothy  part  of  the  great  fused  and  incandescent 
natter  within,  produced  by  the  action  of  elastic  vapours,  or  by  the 
intumescence  of  that  matter  under  diminished  pressure.  The  force 
lequired  to  eject  such  light  substances  is  evidently  far  inferior  to 
that  necessary  for  the  propulsion  of  the  more  solid  lava,  and  con- 
leoQently  the  one  is  in  general  more  common  than  the  other.  As 
iBight  be  expected  from  the  nature  of  such  mineral  productions, 
volcanic  substances  vary,  from  the  lightest  ash  to  a  highly  crystal- 
he  rock,  the  interme^ate  states  being  vitreous,  and  of  the  cha- 
ilcter  of  obsidian.  The  quantity  of  minerals  detected  in  volcanic 
products  is  exceedingly  great,  a  circumstance  by  no  means  sur- 
fliiing  when  we  consider  the  various  elementary  substances  acted 
«i  by  heat  in  the  bowels  of  a  volcano,  and  striving  to  combine 
vith  each  other  in  various  ways  f . 

Not  only  are  fused  substances  ejected,  but  also  various  portions 
of  rocks  traversed  by  the  volcanic  vent ;  and  as  this  is  very  va- 

*  Quarterly  Journal  of  Science,  vol.  xxi.  1826. 
t  Sulphur  is  exceedingly  common,  and  is  often  sublimed  in  such 
quantities  as  to  be  carried  away  for  economical  parposes.\ 
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riously  situated,  so  are  the  rocks  various  which  are  thrown  out. 
Vesuvius  having  been  under  observation  for  so  long  a  period,  its 
products  have  received  greater  attention  than  falls  to  the  lot  of 
most  volcanos;  and  it  has  been  observed,  though  no  doubt  volcanoe 
vary  most  materially  in*  this  respect,  that  such  ejected  substances 
are  far  from  being  either  rare  or  of  one  kind.  The  Chevalies 
MonticeUi's  invaluable  collection  of  Vesuvian  products  at  Naplei 
contains  a  great  variety  of  these  substances,  among  which  may  be 
seen  fragments  of  the  compact  limestones  of  the  district,  with 
organic  remains  in  them,  seeming  to  show  that  the  vent  tra- 
verses the  limestones,  and  that  the  fiery  mass  rends  off  portions 
of  them,  as  indeed  might  be  expected  from  the  nature  of  the 
country.  The  limestones  so  ejected  are  often  impregnated  with 
magnesia,  supposed  to  have  been  acquired  in  this  great  natural 
crucible. 

Volcanic  Dykes,  8fC, 

Dykes  or  fissures  in  the  sides  of  volcanos,  subsequently  filled 
by  melted  lava,  are  sufficiently  common.  M.  Necker  de  Saussure 
mentions  numerous  dykes  which  traverse  the  beds  of  Monte 
Somma.  These  veins  are  nearly  all  of  the  same  composition, 
differing  somewhat  from  the  lava-beds  they  cut ;  augite  being 
more  abundant,  while  leucite,  so  common  in  the  beds,  occurs  rarely 
in  the  dykes,  with  the  exception  of  one  vein  of  Monte  Otajano, 
and  another  near  the  foot  of  the  Punte  del  Nasone,  which  contain 
large  crystals  of  leucite.  The  lava  of  the  [dykes  also  contains 
minute  crystals  of  felspar  (?),  with  a  considerable  abundance  of  t 
yellow  substance,  which  may  be  olivine.  The  rock  composing 
the  veins  is  fine-grained  on  the  sides,  and  more  crystalline  in  the 
middle.     These  veins  vary  from  one  to  twelve  feet  in  width. 

One  remarkable  dyke,  different  from  the  rest,  occurs  at  Otajano. 
It  is  about  ten  feet  and  a  half  wide,  and  rises  perpendicularly  to 
the  crest  of  the  mountain,  having  apparently  turned  up  the  altei^ 
nating  beds  of  porous  and  compact  lava  which  it  traverses.  An- 
other singular  dyke  cuts  the  rocks  of  the  Primo  Monte.  It  riaei 
perpendicularly,  and  is  formed  of  a  slightly  greenish  gray  and 
homogeneous  rock.  At  its  base  (that  of  the  mountain)  it  is  only 
eleven  inches  wide,  and  for  twelve  feet  of  its  height  is  bordered 
by  a  line  of  vitreous  lava,  half  an  inch  thick,  separating  it  frod 
the  porous  volcanic  breccia  which  it  cuts.  Above  the  twelve  feet, 
the  vitreous  lava  ceases  entirely,  the  solid  rock  occupying  the 
whole  vein*. 

Dr.  Daubeny  notices  tuff  traversed  by  dykes  of  a  cellular  tr»- 
chytic  lava  at  Stromboli,  and  at  Vulcanello  in  the  island  of  Lir 

*  Necker,  Memoire  sur  le  Mont  Somma,  M6m.  de  la  Soc,  de  Phys.  et 
d'Hist.  Nat.  de  Gendve,  1828.  \ 


Volcanic  DyJcet^  ^c.  129 

pari*.  Dykes,  described  as  resembling  greenstone,  were  noticed 
hy  Sir  Greorge  Mackenzie  traversing  alternate  beds  of  tuff  and 
scoriaceous  lava  in  Iceland. 

Dykes  of  porphyry  traverse  the  older  lavas  of  Etna.  Their  for- 
mation is  by  no  means  difficult  of  explanation,  by  supposing  fissures, 
which  sometimes  have,  and  sometimes  have  not,  penetrated  to  the 
nrface,  injected  with  incandescent  lava.  Of  fissures  extending 
to  the  siirface,  the  cleft  twelve  miles  long  and  six  feet  broad,  which 
ifened  on  the  flank  of  Etna,  between  the  plain  of  St.  Lio  and  a 
ue  from  the  summit,  at  the  commencement  of  the  great  eruption 
tf  1669,  is  an  example f.  This  fissure  gave  out  a  vivid  light;  from 
iliich  Mr.  Lyell  with  great  probability  concludes  that  it  was  filled 
to  a  certain  height  with  incandescent  lava.  After  the  formation 
of  this,  five  other  fissures  were  produced,  and  emitted  sounds 
beard  at  the  distance  of  forty  nules^* 

While  on  this  subject  it  may  be  as  well  to  notice  the  probable 
effects  of  a  column  of  lava  passing  through  stratified  rocks,  insi- 
noatiuff  melted  matter  among  the  strata,  or  through  fissures 
formed  in  them. 

Let  a  6  in  the  annexed  diagram  represent  a  column  of  liquid 
kra,  traversing  horizontal  strata.  It  is 
obvious  that  it  will  strive  to  overcome  the 
loistance  of  the  sides,  and  such  resistance 
iriQ  always  be  less  between  the  strata  than 
diewhere.  If  it.  obtain  an  aperture  in  that 
Erection,  it  will  endeavour  to  separate  one 
ibatum  from  another;  and  it  will  the  more 
leadfly  accomplish  this,  as  to  the  pressure 
of  the  column  of  lava  will  be  added  the 
mechanical  action  of  the  wedge ;  and  even- 
toally  an  injection  of  liquid  lava  may  be 
made,  and  carried  laterally,  so  far  as  the 
pKssure  will  permit.  Thus,  if  a  separation 
of  the  strata  can  be  commenced  at  d,  it  will  be  carried  on  in  the 
direction  <^  c  as  far  as  the  pressure  of  the  column  a  d  will  permit. 
Uf  instead  of  this  kind  of  injection,  we  consider  the  strata  to  have 
been  fractured,  as  is  very  likely  to  be  the  case  near  volcanic  action, 
tile  fissure  will  be  filled,  and  forced  asunder  as  far  as  resistances 
will  permit.  Thus,  if  a  firacture  ef  he  made,  it  will  be  filled  by 
Hqma  lava  as  far  as  can  be  efiected  by  the  pressure  of  the  column 
•  e.  The  strata  have  here  been  supposed  horizontal,  for  the  sake 
of  illustration,  but  as  they  might  occur  in  all  modes,  the  efiects 
would  be  varied  accordingly,  the  principle  remaining  the  same. 

*  Daubeny's  Description  of  Volcanos,  p.  185 — 187,  where  there  are 
news  of  these  appearances, 
t  Lyell,  Principles  of  Geology.  X  ^^*  ^ol*  i*  P*  ^^^* 
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Earthquakes. 

The  connection  between  volcanos  and  earthquakes  is  now  k 
generally  admitted  that  it  would  be  useless  to  enumerate  the  vfr 
rious  circumstances  that  point  to  this  conclusion.  They  both  seen 
the  effects  of  some  cause  as  yet  unknown  to  us.  The  motion  o 
the  ground  produced  by  earthquakes  is  not  always  the  same 
sometimes  resembling  the  undulatory  movement  of  a  heavy  swd 
at  sea,  though  much  quicker,  and  being  at  others  tremulous,  as  i 
some  force  snook  the  ground  violently  in  one  spot.  The  formei 
of  these  is  far  the  most  dangerous,  as  it  forces  walls  and  buildine 
off  their  centres  of  gravity,  crushing  whatever  may  be  beneaS 
them. 

It  has  been  considered  that  earthquakes  are  presaged  by  certaii 
atmospheric  appearances,  but  it  may  be  questionable  to  what  ex 
tent  this  supposition  is  correct.  Historians  of  eiurthquakesseem  U 
have  been  generally  desirous  of  producing  effect  in  their  descrip 
tions,  adding  all  that  could  tend  to  heighten  the  horror  of  uu 
picture.  They  have  not  always,  moreover,  been  anxious  or  abk 
to  separate  aocidental  from  essential  circumstances.  As  far  as  m} 
own  experience  goes,  which  is  however  merely  limited  to  fom 
earthquakes,  the  atmosphere  seemed  little  affected  by  the  move- 
ment of  the  earth ;  though  I  would  be  far  from  denying  thai 
it  may  be  so ;  for  we  can  scarcely  imagine  such  movements  tii 
arise  in  the  earth,  without  some  modification  or  change  of  its  usual 
state  of  electricity  which  would  affect  the  atmosphere.  If  animali 
be  generally  sensible  of  an  approaching  shock,  it  might  arise  ai 
well  from  electrical  changes  as  from  the  sounds  whicn  they  may 
be  supposed  capable  of  distinguishing. 

Earthquakes  very  frequently  precede  violent  volcanic  ejrolo- 
sions,  even  though  they  may  be  felt  far  from  a  fiery  vent.  Tntu^ 
the  great  earthquake  which  destroyed  the  Caraccas,  March  26^ 
1812,  was  followed  by  the  great  eruption  of  the  Soufirier  in  St 
Vincents,  on  April  30th  of  the  same  year ;  when,  according  to 
Humboldt,  subterranean  noises  were  heard  the  same  day  at  tlie 
Caraccas  and  on  the  banks  of  the  Apure. 

Earthquakes  are  felt  over  very  considerable  spaces,  and  of  diii 
no  better  example  has  yet  been  recorded  than  the  celebrated 
earthquake  of  Lisbon  in  1755,  the  shock  of  which  was  felt  over 
nearly  the  whole  of  Europe,  and  even  in  the  West  Indies.  Tlie 
force  capable  of  causing  such  extensive  vibrations  must  have  been 
very  considerable;  and,  with  every  allowance  for  the  easy  trans- 
mission of  motion  and  sound  laterally  through  rocks,  must  have 
required  considerable  depth  for  its  production.  Motion  seentf 
always  to  be  communicated  to  water  during  earthquakes,  the 
vibratory  movement  being  very  frequently  felt  by  vessels  at  sea, 
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and  waves  of  greater  or  less  magnitude,  according  to  the  force  of 
the  sbock,  being  commonly  driven  on  shore.    The  wave  produced 
during  the  great  Lisbon  earthquake  rose  sixty  feet  high  at  Cadiz, 
and  eighteen  feet  at  Madeira,  causing  various  movements  of  the 
water  on  the  coasts  of  Great  Britain  and  Ireland.   Similar  waves, 
Aoogh  of  proportionally  less  size,  are  common  during  volcanic 
eraptions;    motion  being  produced  in  the  surrounding  water, 
irfdch  being  unable  to  rend  and  crack  like  the  land,  communicates 
(he  impulse  it  has  received  to  the  waters  around,  and  thus  a  wave 
ii  propagated  which  will  diminish  in  height  in  proportion  as  it 
feoedes  from  the  disturbing  cause.     In  almost  all  ports  irregula- 
Hties  in  the  motion  of  the  sea  are  at  times  observable,  which  can- 
lot  be  reconciled  with  the  tides  or  motions  communicated  to  water 
\j  temporary  currents  or  winds  in  the  offing.     The  movement  is 
generally  a  quick  flow  or  reflow  of  the  water,  and  is  often  so  trifling 
IS  to  escape  the  attention  of  all  but  seamen  or  fishermen,  who, 
constantly  engaged  with  their  vessels  or  boats  in  harbours,  are 
nrprised  to  fmd  them  suddenly  floated  or  left  dry,  and  this  some- 
times several  times  repeated.     May  not  these  movements  be 
eansed  by  earthquakes  beneath  the  depths  of  the  sea,  or  be  too 
tiifling  to  escape  observation  on  land?    If,  as  it  seems  reasonable 
to  conclude,  earthquakes  are  propagated  laterally  through  consider- 
lUe  distances,  in  the  same  manner  as  sound  is  conveyed  through 
tiie  air,  the  intensity  of  the  shock  will  depend  on  the  medium 
diroiigh  which  it  is  conveyed ;  and  if  this  view  should  be  correct, 
earthquakes  will  not  be  equally  felt  on  every  description  of  rock. 
I  once  observed  a  fact,  which,  though  it  struck  me  much  at  the 
t&ne^  cannot  in  itself  form  the  basis  of  any  reasonable  h3rpothesis, 
Wt  as  it  may  be  the  means  of  exciting  inquiry  it  is  as  wellHo 
loention  it.     While  sitting  in  a  house  in  Jamaica,  situated  on  a 
Wf  near  the  verge  of  the  white  limestone  of  that  island,  where 
tbe  large  gravelly,  sandy,  and  clay  plain  of  Vere  and  Lower 
Qarendon  meets  it,  I  experienced  a  sUght  shock  of  an  earthquake. 
Bavin^  occasion  about  half  an  hour  afterwards  to  descend  to 
lome  nouses  at  the  foot  of  the  hill,  and  on  the  gravel  plain,  I 
nquired  if  the  inhabitants  had  felt  the  earthquake ;  they,  however, 
tdiciiled  the  idea,  stating  that  if  any  such  had  occurred  they 
mat  have  known  it,  as  they  also  had  been  sitting  quietly,  and 
'ere  too  much  accustomed  to  shocks  not  to  have  observed  the 
nrthquake  if  it  had  really  occurred.     I  then  considered  that  I 
ad  deceived  myself,  and  thought  no  more  of  the  subject  until  the 
renmg;  when  some  negroes,  who  had  been  employed  on  their 
mi  account,  a  few  miles  distant  in  some  mountams  composed  of 
le  white  limestone,  reported  that  they  had  felt  the  shock  of  an 
arthquake;  and  it  subsequently  appeared,  that  a  much  more 
niiicCerable  shock  had  been  felt  in  the  vicinity  of  Kingston, 
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about  forty  miles  distant.  The  importance  of  this  fact  certainly 
rests  on  the  little  apparent  sensation  produced  at  the  lower  house; 
and  therefore,  as  the  shock  may  have  escaped  the  attention  of 
tliose  then  present,  this  circumstance  is  in  itself  of  no  great  value, 
and  is  merely  stated  to  promote  inquiry.  It  may,  however,  be 
remarked,  that  gravel  would  transmit  a  vibration  less  readily  thao 
compact  limestone,  though  it  might  more  easily  give  way  before 
a  vertical  movement.  Humboldt  has  remarked  that  during  tha 
Caraccas  earthquake  of  1812,  the  Cordilleras  were  more  shaken 
than  the  plains.  This  may  have  arisen  from  the  more  easy  transp 
mission  of  the  vibration  through  the  gneiss  and  mica  slate,  tbaii 
through  the  rocks  in  the  plains ;  or,  as  might  be  also  the  case  in 
Jamaica,  the  inferior  rocks  might  be  more  shaken  through  their 
contiuuity  than  the  superior  rocks,  being  nearer  the  disturbing 
cause. 

It  may  also  be  remarked  that  rocks  would  transmit  sounds  un- 
equally from  variations  in  their  texture  and  continuity,  and  that 
subterranean  noises  might  be  audible,  while  the  shock  which  pro- 
duced them  could  not  be  distinctly  felt.  Various  sounds  are  re- 
corded as  accompanying  earthquakes,  but  the  most  general  seemi 
a  low  rumbling  noise  like  that  of  a  waggon  passing  rapidly  along. 
The  first  shock  I  ever  experienced  was,  during  a  beautiful  night,  on 
the  north  side  of  Jamaica,  when  it  appeared  as  if  a  waggon,  rolling 
rapidly  to  the  house,  gave  it  a  smart  rap  and  then  passed  on. 

It  has  been  considered,  and  with  much  probability,  that  the 
very  great  distances  at  which  volcanic  explosions  from  surface- 
vents  have  been  heard,  arises  from  the  transmission  of  the  sound 
through  the  rocks.  The  great  explosion  at  Sumbawa  above  no- 
ticed is  described  as  ha\ing  been  heard  in  Sumatra,  a  distance  of 
970  geographical  miles,  and  at  Temate,  720  miles  in  another 
direction  *.  It  is  also  stated  that  the  eruption  from  the  Aringuay, 
in  the  island  of  Lu9on,  Philippines,  in  1641,  was  heard  in  Cochin- 
China  f . 

Earthquakes  produce  changes  in  the  level  of  the  land,  raisinff 
and  depressing  ground,  and  causing  clefts,  slips  or  faults,  and 
various  other  modifications  of  siurface.  The  raising  of  the  surface 
implies  either  an  expansion  of  the  solid  matter  beneath,  or  a  separa- 
tion of  parts,  which  should  form  a  cavity,  filled  either  by  gaseous 
or  liquid  substances.  We  are  not  aware  of  anything  uiat  could 
produce  the  expansion  required  but  heat,  so  that  if  the  temperar 
ture  were  again  diminished,  contraction  would  ensue.  If  a  separ 
ration  of  parts  were  effected,  and  the  upper  portion  raised,  the 
gaseous  or  liquid  support  could  scarcely  be  considered  permanent, 
unless  the  injected  matter  became  solid,  as  might  happen  with 

*  Life  of  Sir  S.  Raffles.  f  Chamisso,  Kotzebue's  Voyage. 
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Hqnid  lava,  and  the  hollow  produced  by  such  injection  be  far  re- 
moved from  the  surface. 

The  best  example  of  the  bodily  elevation  of  land  with  consider- 
able ^rface  appears  to  be  that  recorded  by  Mrs.  Maria  Graliam, 
u  having  taken  place  during  the  Chili  earthquake  of  1822.  The 
iliock  extended  along  the  coast  for  more  than  a  thousand  miles, 
nd  the  land  was  raised  for  a  length  of  one  hundred  miles,  with  an 
mknown  breadth,  but  certainly  extending  to  the  mountains.  The 
betch  was  raised  about  three  or  four  feet,  as  was  also  the  bottom 
Mr  the  shore;  on  the  former,  shell-fish  were  still  adhering  to  the 
Ndus  on  which  they  grew.  It  was  also  observed  that  there  were 
(dier  lines  of  beach,  with  shells  intermixed,  above  that  newly 
devated,  attaining  in  parallel  lines  a  height  of  about  fifty  feet 
ai)ove  the  sea ;  seeming  to  show  that  other  elevations  of  the  same 
land  had  been  effected  by  previous  earthquakes.  During  this 
eirthquake  the  sea  flowed  and  ebbed  several  times.  No  visible 
diange  in  the  atmosphere  was  produced  previous  to  the  shocks, 
bat  it  is  supposed  that  some  effect,  perhaps  electrical,  may  have 
been  caused  by  the  earthquake,  for  the  country  was  subsequently 
Uuged  by  storms  of  rain  *. 

Mr.  Lyell  has  accumulated  a  considerable  mass  of  evidence  to 
diow  that  such  elevations  have  been  the  consequence  of  earth- 
snakes  in  other  places,  and  that  considerable  depressions  have 
uso  occurred  f.  Thus,  during  the  Cutch  earthquake  of  1819,  the 
eastern  channel  of  the  Indus  was  altered,  the  bed  of  which  was 
in  one  place  deepened  about  seventeen  feet,  so  that  a  spot  once 
fixdable  became  impassable. 

Various  surface-changes  were  effected  during  the  great  earth- 
joake  in  Calabria  in  1783.  Of  these  a  summary  has  been  given 
vom  various  authorities  by  Mr.  Lyell,  whose  account  will  be  pe- 
nned with  interest,  however  little  we  may  feel  inclined  to  adopt 
the  theoretical  conclusions  that  have  been  deduced  from  it.  The 
airth  had  a  waving  motion ;  numerous  and  deep  rents  were  form- 
^;  faults  were  produced,  even  through  buildings;  large  land-slips 
lodk place;  lakes  were  formed, — one  about  two  miles  long  by  one 
broad,  from  the  obstruction  of  two  streams ;  the  usual  agitation  of 
the  neighbouring  sea  was  produced,  and  heavy  waves  broke  upon 
tbe  land,  sweeping  all  before  them. 

The  great  earthquake  in  Jamaica  of  1692,  generally  described 
as  having  swallowed  up  Port  Royal,  has  been  adduced  as  an  ex- 
ample of  great  derangement  t.     It  is  a  common  tradition  in  that 

*  Joum.  of  Science;  Geol.  Trans,  vol.  i.         f  Principles  of  Geology. 

X  Having  reason  to  believe  that  Mr.  Lyell  will,  in  the  second  volume 
of  his  "  Principles  of  Geology,"  object  to  the  view  taken,  in  the  first 
edition  of  this  work,  of  the  relative  importance  of  this  earthquake,  I  have 
entered  more  fully  into  the  subject  than  is,  perhaps,  consistent  with  the 
plan  of  this  work. 
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island,  that  many  of  the  accounts  which  have  appeared 

this  earthquake  have  been  much  exags;erated ;  nor  need  ti 

prise  us,  when  we  reflect  howdiflicult  it  is  to  obtain  a  clear  i 

of  unusual  natural  phaenomena  from  those  who  have  been 

fully  alarmed  by  them.     In  order  to  estimate  the  c^ 

may  be  supposed  to  have  taken  place  during  this  earthqusBr 

becomes  necessary  to  notice  the  condition  of  Port  Royal 

the  neighbouring  coast  previous  to  its  occurrence.   The  site 

present  town  of  Port  Royal  is  the  same  as  that  of  the  old 

being  at  the  western  extremity  of  a  sand-bank,  about  eight  imc^^^ 

long,  thrown  up  apparentlv  by  the  sea.   Immediately  seawan&    ^ 

numerous  shoals  and  coral  reefs,  known  by  the  name  of  the  K  ^^i 

and  possibly  some  part  of  the  sand- bank,  known  as  the  Palir  '"  "^ 

or  Palisadoes,  may  be  based  on  similar  reefs.    Part  of  Port  ~ 

is  on  a  rock. 

Now  it  appears  from  the  evidence  of  Captain  Hals,  who 
to  Jamaica  with  Penn  and  Venables  in  1655,  that  the  land  _ 
which  Port  Royal  then  stood,  was  joined  to  the  Palisades, 
stant  about  a  quarter  of  a  mile,  by  a  narrow  ridge  of  sand  f  ** 
appearing  above  the  water;  and  it  further  appears,  that  wc» 
Jackson  invaded  St.  Jago  de  la  Vega,  about  seventeen  ye 
before  this  time,  the  same  land  formed  an  island ;    the  n 
ridge  resulting  from  the  drift  of  sand  by  the  prevalent  £.  or  $• 
winds,  and  the  action  of  the  breakers.     By  a  continuance  of  fcb^ 
same  forces  the  whole  space  between  the   Palisades  and  Y0tt 
Royal  was  eventually  filled  up,  aided  by  the  contrivances  of  tbtf 
inhabitants,  who  drove  in  piles  and  formed  wharfs,  close  to  which 
the  water  was  so  deep  that  vessels  of  700  tons  came  alongside  and 
unloaded*.     Upon  this  newly  formed  land  the  greater  part  of  ^ 
town  was  built,  and  consisted  of  heavy  brick  nouses.     Now  the 
part  of  Port  Royal,  described  as  having  been  swallowed  up  or 
sunk,  was  situated  upon  this  new  formed  land.  <<  The  ground  gave   , 
way  as  far  as  the  houses  stood,  and  no  further,  part  pf  the  fort  and 
the  Palisades  at  the  other  end  of  the  houses  standing  f." 

Sir  Hans  Sloane  says :  ''  the  whole  neck  of  land  being  sandy    \ 
(excepting  the  fort,  which  was  built  on  a  rock  and  stood)  on 
which  the  town  was  built,  and  the  sand  kept  up  by  palisades  and    \ 
wharfs,  under  which  was  deep  water,  when  the  sand  tumbled,  on    \ 
the  shaking  of  the  earth,  into  the  sea,  it  covered  the  anchors  of 


r 


*  The  variation  in  the  depth  of  this  water  would  be  trifling,  for  the 
tides  only  rise  or  fall  eleven  inches  or  a  foot  at  Fort  Royal. 

f  Phil.  Trans,  for  1694.  Long,  who  from  his  office  was  so  well  qua- 
lified to  obtain  the  best  information,  says:  ''  the  weight  of  so  many  large 
brick  houses  was  justly  imagined  to  contribute,  in  a  great  measure,  to 
their  downfall ;  for  the  land  gave  way  as  far  as  the  houses  erected  on 
this  foundation  stood,  and  no  fuithei." 
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ihipi  riding  by  tbe  wharfs,  and  the  foundations  yielding,  the 
greatest  port  of  the  town  fell,  great  numbers  of  the  people  were 
loti,  and  a  good  part  of  the  neck  of  land,  where  the  town  stood, 
WIS  three  &thoms  covered  with  water.'*  We  have  next  to  con- 
nder  the  state  of  the  sea  during  the  shocks.  The  harbour  is  de- 
icribed  as  having  had  "  all  the  appearance  of  agitation  as  in  a 
ifeonn ;  and  the  huge  waves  rolled  in  with  such  violence,  as  to 
nap  the  cables  of  the  ships,  and  drive  some  from  their  an- 
dtors."  Again,  we  find  that  the  houses  near  the  water  sunk  at 
iDce :  "  and  a  heavy  rolling  sea  followed,  closing  immediately 
Cfver  them." 

The  Swan  frigate,  which  was  by  the  wharf  careening,  was  car- 
lied  over  the  tops  of  the  houses  by  the  sea,  and  some  hundreds  of 
persons  escaped  by  clinging  to  her.  Some  houses  sunk  or  settled 
popendiciilarly,  so  that  they  remained  from  the  balcony  upwards 
ibove  water;  but  the  greater  part  were  rendered  a  mass  of  ruins. 
Finally,  the  land  with  the  fort  on  it  is  reported  to  have  formed  an 
idand,  as  at  the  time  of  Jackson's  expedition  *.  This  state  of 
tilings  has  not  however  continued ;  for  the  same  causes,  which 
onoe  joined  the  Palisades  with  the  fort,  continuing,  the  whole  now 
forms  a  continuous  piece  of  land. 

Upon  a  review  of  what  has  been  adduced  respecting  this  earth- 
raake,  it  does  not  appear  that  there  is  evidence  of  subsidence, 
oat  is,  the  bodily  subsidence  of  a  mass  of  land  of  great  depth  ; 
tkoogh  I  would  be  far  from  denying  that  there  may  have  been 
Mmething  of  the  kind.  The  whole  may  be  explained  by  the  set- 
dement  of  loose  sand,  charged  with  the  weight  of  heavy  houses, 
dming  the  violent  shocks  of  an  earthquake,  and  by  the  inroad  of 
the  sea.  The  evidence  of  the  ruins  of  houses  commonly  stated  to 
be  seen  beneath  the  sea,  in  calm  weather,  close  to  the  present 
town,  will  do  for  either  hypothesis ;  for  they  would  be  similarly 
atuated  either  from  the  settlement  of  the  sand,  or  by  the  subsi- 
dence of  land,  in  the  usual  acceptation  of  this  term.  The  earth- 
^ke  was  generally  destructive  of  buildings  in  Jamaica,  and 
afasses  of  rocks  were  detached  from  the  heignts ; — ^no  great  diffi- 
culty in  a  country  abounding  with  precipices  and  steep  mountains. 
According  to  one  account,  two  mountains  met  in  the  Sixteen  Mile 
WaJk ;  if  they  did  so,  they  have  since  been  so  complaisant  as  to 
leparate,  for  tnere  is  nothing  at  present  existing  there  to  warrant  a 
eondusion  that  they  ever  did  meet.  That  heavy  fragments  of  rock, 
and  considerable  masses  of  earth,  blocked  up  the  passage  for  the 
time,  is  exceedingly  probable ;  but  there  is  a  great  difference  be- 
tween such  an  event  and  the  meeting  of  mountains. 

*  Phil.  Trans.  1694;  Sloane,  Nat  Hist  of  Jamaica;  Long,  Hist  of 
Jimaica ;  and  Bryan  Edwards,  Hist  of  the  West  Indies. 
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Funnel-shaped,  or  inverted  coniqal  cavities  are  by  no  means 
unfirequent  on  plains  after  earthquakes ;  and-  are  so  much  alike 
wherever  they  occur,  that  they  must  have  some  common  cause 
for  their  production.     Circular  apertures  were  produced  in  the 
plains  of  Calabria  by  the  earthquake  of  1783  :  they  are  described 
as  commonly  of  the  size  of  carriage-wheels,  but  often  larger  and 
smaller ;  they  were  sometimes  filled  by  water,  but  more  frequently 
by  sand.   Water  seems  to  have  spouted  through  them  ♦.     During 
the  earthquake  in  Mercia  in  1 829,  numerous  small  circular  aper- 
tures were  produced  in  a  plain  near  the  sea,  which  threw  out 
black  mud,  salt  water,   and  marine  shells  f.     After  the  earth- 
quake at  the  Cape  of  Good  Hope,  in  December  1809,  the  sandv 
surface  of  Blauweberg's   Valley  is  described  as  studded  mlit 
circular   cavities,  varying  from  six  inches  to  three  feet  in  dia- 
meter, and  from  four  inches  to  a  foot  and  a  half  in  depth.    Jets 
of  coloured  water  are  stated,  by  the  inhabitants  of  the  valley, 
to  have  been   thrown  out  of  these   holes  to   the  height  of  six 
feet  during  the   earthquake  %,     It  seems  somewhat  difficult  to 
account  for  these  appearances,  though  the  common  aqueous  dis- 
charges through  rents  or  chasms  can  be  more  readily  understood* 
During  the   Chili  earthquake,   previously  noticed,   sands  were 
forced  up  in  cones,  many  of  which  were  truncated  with  hollows  in 
their  centres  §. 

The  courses  of  springs  are,  as  would  be  anticipated,  often  de- 
ranged amid  such  motions  of  the  ground;  and  flashes  of  light,  or 
bright  meteors,  are  so  frequently  mentioned  that  we  can  scarcely 
doubt  their  occurrence,  and  they  may,  perhaps,  be  considered  as 
electrical. 

If  we  now  withdraw  ourselves  from  the  turmoil  of  volcanos  and 
earthquakes,  and  cease  to  measure  them  by  the  effects  which  they 
have  produced  upon  our  imaginations,  we  shall  find  that  the  real 
changes  they  cause  on  the  earth's  surface  are  comparatively  smally 
and  quite  irreconcileable  with  those  theories  which  propose  to  ac- 
count for  the  elevations  of  vast  mountain-ranges,  and  for  enormous 
and  sudden  dislocations  of  strata,  by  repeated  earthquakes  acting 
invariably  in  the  same  line,  thus  raising  the  mountains  by  suc- 
cessive starts  of  five  or  ten  feet  at  a  time,  or  by  catastrophes  of  no 
greater  importance  than  a  modem  earthquake.  It  is  useless  to 
appeal  to  time :  time  can  effect  no  more  than  its  powers  are  capable 
of  performing:  if  a  mouse  be  harnessed  to  a  large  piece  of  ordnance, 

*  Lyell,  Principles  of  Geology;  where  a  view  and  section  of  these 
curious  cavities  are  given,  pp.  428,  429. 
f  Ibid. ;  and  F^russac's  Bulletin,  1829. 
X  Phil.  Mag.  and  Annals,  January  1830. 
§  Journal  of  Science. 
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it  will  never  move  it,  even  if  centuries  on  centuries  could  be  allowed ; 
bot  attach  the  necessary  force,  and  the  resistance  is  overcome  in  a 
Jninute. 

Hurricanes, 

Theseare  of  geological  importance,  as  by  the  sudden  application, 
f  I  may  so  express  myself,  of  a  furious  wind  and  deluges  of  rain 
0  the  surface  of  land,  very  considerable  changes  are  in  a  short 
ime  produced  on  that  surface.  It  has  been  considered  that  the 
rind,  during  hurricanes,  travels  with  a  velocity  of  from  eighty  to 
ne  hundred  miles  per  hour ;  but  it  must  be  confessed  that  we  pos- 
»  no  very  satisfactory  information  on  this  head.  Be,  however, 
le  velocity  of  the  wind  what  it  may,  its  force  is  sufficient  to  level 
vests,  throw  down  buildings,  and  destroy  a  large  amount  of  ani- 
tal  life ;  in  a  few  hours  converting  a  beautiml  and  luxuriant 
onntry,  studded  with  villages  and  towns,  into  a  scene  of  desolation 
nd  mourning.  Furious  torrents  are  suddenly  formed,  which  not 
nly  sweep  away  a  large  proportion  of  the  uprooted  trees,  and  the 
todies  of  numerous  terrestrial  animals  destroyed  by  the  effects  of 
he  wind ;  but  also  act  most  powerfully  on  all  the  drainage  depres- 
oons,  producing  the  maximum  effects  of  running  water  in  such 
ntuations.  In  mountainous  regions  the  landslips  are  then  also 
frequently  considerable ;  and  if  these  fall  into  the  bed  of  a  torrent, 
wy  add  to  its  destructive  effects,  by  damming  up  the  waters  for 
a  time,  which,  when  they  have  forced  their  passage  through  the 
obstacle,  rush  onwards  with  increased  velocity  and  power. 

In  the  recent  hurricane  in  the  West  Indies  (August,  1831),  we 
have  a  melancholy  example  of  the  destruction  of  animal  and  vege- 
table life  caused  by  these  scourges  of  that  portion  of  the  world. 
Not  only  were  buildings  of  various  kinds  levelled  with  the  earth,  and 
Bombers  of  persons  buried  beneath  their  ruins,  but  a  large  amount 
of  animal  life  was  also  destroyed ;  and  those  trees  which  were  not 
uprooted  by  the  fury  of  the  wind,  were  deprived  of  their  foliage, 
many  even  of  their  branches,  so  that  the  unfortunate  island  of 
fiarbadoes  presented  that  strange  phaenomenon,  a  mass  of  leafless 
trees  on  a  tropical  island.  This  hurricane  also  ravaged  the  islands 
of  St.  Vincent  and  St.  Lucie,  and  was  even  felt  at  the  eastern  end 
of  Jamaica. 

The  sea  is,  as  might  be  expected,  violently  agitated  during 
hnrricanes,  and  causes  great  destruction,  particularly  on  low  coasts. 
Thus,  in  the  great  Jamaica  hurricane  of  1780,  the  sea  suddenly 
bunt  in  upon  the  small  town  of  Savanna  la  Mar,  and  swept  it, 
and  every  thing  in  it,  entirely  away.  The  hurricane  of  August, 
1831,  was  sufficiently  powerAil  at  Hayti  to  raise  the  sea  at  Aux 
Cayes  to  a  considerable  height,  and  the  swell  consequent  on  it 
was  so  great  on  the  coast  of  Cuba  as  to  throw  every  vessel  on 
shore  at  St.  lago  de  Cuba. 
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Hurricanes  are  often  more  partial,  but  they  are  not  tl 
destructive  to  the  land  they  traverse  on  that  account.  Th 
ricane  of  1815,  which  traversed  Jamaica  from  North  to  Soul 
one  of  this  description ;  it  took  its  way  across  the  western  \ 
of  the  Blue  Mountains,  and  was  exceedingly  destructive.  N< 
was  the  wind  furious,  but  the  quantity  of  rain  which  fell  in  £ 
time  was  considered  quite  unexampled  even  in  the  tropics, 
flood  which  descended  the  Yallahs  river,  swept  away  all  tl 
in  it,  and  ten  years  afterwards  it  was  considered  that  there  w 
fresh-water  fish  in  that  river.  The  land-slips  in  the  Port 
St.  Andrews,  and  Blue  Mountains  were  very  considerable 
when  I  visited  these  mountains  several  years  afterwards,  n 
bare  cliff  bore  evidence  to  the  changes  that  had  been  thu 
d.uced.  When  these  land-slips  descended  to  the  bottom 
ravines,  they  dammed  up  the  waters  for  the  time,  and  then 
way,  were  partially  swept  onwards.  The  loss  of  life  was  coi 
able,  and  many  buildings  were  either  washed  away  or  buri 
neath  detritus.  The  land  communications  between  Kingsti 
the  Eastern  coast  were  stopped;  and  Mr.  Barclay  relates,  that 
thus  compelled  to  pass  by  sea  to  Morant,  the  vessel  was  obli 
make  ''a  considerable  offing  to  keep  clear  of  the  enormous 
tity  of  trees,  which  Uterally  covered  the  water  to  a  consid 
distance."  Though  so  destructive  about  the  centre  of  its  c 
this  hurricane  was  neither  felt  at  St.  Jago  de  la  Vega  (S] 
Town),  forty  miles  to  the  westward,  nor  at  Morant  Keys,  Mt^ 
to  the  eastward. 

It  will  be  obvious  that  during  hurricanes  a  comparative!}! 
amoimt  of  terrestrial  animals  and  vegetables  may,  in  addi< 
the  land-detritus,  be  carried  outwards  into  the  seas  which 
the  shores  of  tropical  islands,  such  as  those  of  the  West  I 
more  particularly  when  such  islands  are  mountainous,  as 
case  with  Cuba,  Hayti,  Jamaica,  and  others.  Not  only  men 
drupeds,  birds,  and  land  reptiles,  but  also  fresh-water  tortois 
crocodiles,  may  be  surprised  and  carried  out  to  sea,  wher* 
would  have  a  poor  chance  of  escape  amid  the  turmoil  of  the 
at  such  times.  A  large  proportion  of  the  creatures  thus  bo 
torrents  outwards  would,  most  probably,  be  devoured  by  i 
and  other  voracious  inhabitants  of  the  sea ;  but  there  is  still 
sibility  that  the  river-detritus,  and  the  sands  and  mud,  stin 
by  the  action  of  the  waves  in  shallow  seas,  would,  when  tranq 
was  restored,  envelope  various  terrestrial,  fluviatile,  and  n 
remains :  such  a  deposit  would  thus,  to  a  certain  extent,  res 
one  formed  in  an  estuary,  but  would  so  far  differ  ft'om  it  a 
bably,  in  the  case  here  supposed,  the  remains  would  exhil 
marks  of  violent  transport.  In  the  immediate  vicinity  of  the 
the  breakers  would  throw  a  considerable  quantity  of  these  re 
on  shore. 
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Gaseous  Exhalations. 

In  several  situations  removed  from  any  volcanic  action,  so  far 
IS  is  visible  on  the  surface,  natural  jets  of  inflammable  gases  are 
leen  to  issue,  affording  decisive  evidence  of  chemical  changes 
that  are  taking  place  at  various  depths  beneath.  Of  these,  some 
hive  served  vxe  purpose  of  the  priest  to  delude  mankind,  while 
pirt  of  the  others  have  been  more  usefully  employed. 

Carburetted  hydrogen  gas  is  well  known  to  be  the  "  fire-damp  " 
f  the  coal  districts,  and  to  issue  from  the  coal  strata;  collecting  in 
be  ill-ventilated  galleries  of  collieries,  and,  when  sufficiently  mixed 
rith  atmospheric  air,  exploding  with  great  violence  if  approached 
icautiouBly  with  an  unprotected  flame,  spreading  mourning  and 
iisery  among  the  famihes  of  the  miners.  If  the  genius  of  Davy 
•d  only  produced  his  safety-lamp,  it  would  alone  have  entitled 
im  to  the  applause  and  thanks  of  mankind. 

As  carburetted  hydrogen  is  so  freely  liberated  in  coal-mines,  it 
mold  be  expected  that  it  should  occasionally  be  detected  on  the 
m&ce,  and  accordingly  it  has  been  so  discovered.  Inflammable 
;as  also  occurs  in  other  situations,  where  there  is  no  reason  to 
aspect  the  presence  of  coal  strata.  Of  this,  the  well-known  jets 
f  gas  in  the  limestone  and  serpentine  district  of  the  Pietra  Mala, 
letween  Bologna  and  Florence,  afford  an  example. 

Captain  Beaufort  describes  an  ignited  jet  of  inflammable  gas, 
lamed  the  Yanar,  near  Deliktash,  on  the  coast  of  Karamania, 
rhich  perhaps  once  figured  in  some  religious  rites.  He  states 
hat,  "  m  the  inner  comer  of  a  ruined  building,  the  wall  is  under- 
Binedy  so  as  to  leave  an  aperture  of  about  three  feet  in  diameter, 
nd  shaped  like  the  mouth  of  an  oven :  from  thence  the  flame 
Maes,  giving  out  an  intense  heat,  yet  producing  no  smoke  on  the 
nU."  Though  the  wall  was  scarcely  discoloured,  small  lumps  of 
aked  soot  were  found  in  the  neck  of  the  opening.  The  hill  is 
omposed  of  crumbly  serpentine  and  loose  blocks  of  limestone. 
i  short  distance  down  the  hill  there  is  another  aperture,  which 
torn  its  appearance  seems  once  to  have  given  out  a  similar  dis- 
liatge  of  gas.  The  Yanar  is  supposed  to  be  very  ancient,  and 
I  possibly  the  jet  described  by  Phny  *. 

Colonel  Rooke  informed  Captain  Beaufort,  that  high  up  on.  the 
festem  mountain  at  Samos  there  was  an  intermittent  flame  of 
hs  same  kind;  and  Major  Rennell  stated  that  a  natural  jet  of 
nflsmmable  gas,  inclosed  in  a  temple  at  Chittagong,  in  Bengal,  is 
nside  use  of  by  the  priests,  who  also  cooked  with  it. 

The  village  of  Fredonia,  in  the  State  of  New  York,  is  lighted 
^  a  natur^  discharge  of  gas,  which  is  collected  by  means  of  a 

*  Beaufort's  Karamania. 


140  Chueous  Exhalations, 

pipe  into  a  gasometer.  The  quantity  obtained  is  about  ei^ 
cubic  feet  in  twelve  hours.  It  is  carburetted  hydrogen,  and  is 
supposed  to  be  derived  from  beds  of  bituminous  coal.  T\ie  same 
gas  is  discharged  in  much  larger  quantities  in  the  bed  of  a  streiuii 
about  a  mile  from  the  village. 

According  to  M.  Imbert,  gaseous  exhalations  are  employj^d  at  \ 
Thsee-Lieou-Tsing,  in  China,  to  distil  saline  water  obtained  from  ' 
wells  in  the  neighbourhood.  "  Bamboo  pipes  carry  the  gas  from  ' 
the  spring  to  the  place  where  it  is  to  be  consumed.  These  tubei  ■ 
are  terminated  by  a  tube  of  pipe-clay,  to  prevent  their  being  burnt  ' 
A  single  well  (of  gas)  heats  more  than  three  hundred  kettles.  ' 
The  fire  thus  produced  is  exceedingly  brisk,  and  the  caldrons  are  ; 
rendered  useless  in  a  few  months.     Other  bamboos  conduct  the   ' 

fas  intended  for  lighting  the  streets  and  great  rooms  or  kitchens  *.** 
'hese  wells  of  inflammable  gas  were,  according  to  M.  Iraberl^  \ 
formed  for  the  purpose  of  obtaining  salt  water,  wnich  they  in  fact 
first  gave  out.  The  water  failing,  the  wells  were  sunk  to  a  con-  * 
siderable  depth  in  order  to  find  the  water;  instead,  however,  of  F 
finding  salt  water,  inflammable  gas  suddenly  rushed  forth  with  i 
considerable  noise  f.  s 

M.  Klaproth  notices  other  jets  of  inflammable  gas  in  China;  ' 
one,  now  extinguished,  is  stated  to  have  burnt  from  the  second  to  • 
the  thirteenth  century  of  our  era.  This  Ho  tsingj  or  fiery  weB,  '• 
was  situated  80li  to  the  S.  W.  of  Khioung  tcheou,  and  like  those  '• 
above  mentioned  produced  salt  water;^.  i 

This  connection  of  inflammable  gas  with  saline  springs  or  salt  I 
is  not  confined  to  China,  but  has  also  been  observed  in  America 
and  in  Europe.  While  boring  for  salt  at  Rocky  Hill,  in  Ohio,  and 
near  Lake  Erie,  the  borer  suddenly  fell,  after  they  had  pierced  to 
a  depth  of  197  feet.  Salt  water  immediately  spouted  out,  and 
continued  to  flow  for  several  hours;  after  which  a  considerable 
quantify  of  inflammable  gas  burst  forth  through  the  same  ape^ 

*  Bibl.  Universelle ;  and  Edin.  New  Phil.  Journal,  1830. 

f  Humboldt,  Fragmens  Asiatiques. 

X  Ibid,     In  the  same  work  will  be  found  an  interesting  account  of  tbe 
mode  in  which  the  Chinese  sink  these  wells,  in  search  of  salt  water,  to 
considerable  depths.     This  is  effected  by  the  constant  striking  of  a  piece 
of  steel,  of  about  300  or  400  pounds  weight,  against  the  rock,  upon  the 
same  principle  that  a  hole  is  made  in  tlie  solid  rock  by  an  iron  or  sted 
bar  for  the  purpose  of  blasting  with  gunpowder.     In  the  Chinese  work, 
however,  the  steel  weight  is  suspended  by  a  cord  to  one  end  of  a  piece 
of  wood,  placed  over  a  support  in  such  a  manner  that  a  workman  by 
dancing  or  jumping  on  the  other  end,  raises  the  weight  about  two  feet 
at  each  motion,  and  suddenly  lets  it  fall  again.     By  these  slow,  but 
somewhat  sure  means,  a  round  perpendicular  hole  is  formed,  about  five 
or  six  inches  in  diameter,  very  smooth,  and,  according  lo  M.  Imbert, 
from  J  500  to  1800  French  feet  in  depth. 
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ire,  and,  being  ignited  by  a  fire  in  the  vicinity,  consumed  all 
itUn  its  reach.  *. 

It  also  appears  that  M.  Roeders,  inspector  of  the  salt-mines  of 

ottesgabe,  at  Reine  in  the  county  of  Tecklenberg,  has  for  two 

three  years  used  an  inflammable  gas  which  issues  from  these 

hes,  not  only  as  a  light,  but  for  all  the  purposes  of  cookery. 

*  obtains  it  from  the  pits  that  have  been  abandoned,  and  con- 
rs  it  by  pipes  to  his  house.  From  one  pit  alone  a  continuous 
earn  of  this  gas  has  issued  for  sixty  years.  It  is  supposed  to 
isist  of  carburetted  hydrogen  and  oleflant  gas  f . 
Inflammable  gases  are  also  found  to  proceed  from  ground  charged 
th  petroleum  and  naphtha.     The  inhabitants  of  Badku,  a  port 

the  Caspian  Sea,  are  supplied  with  no  other  fuel  than  that  de- 
'ed  from  the  petroleum  and  naphtha  with  which  the  earth  in 
e  neighbourhood  is  strongly  impregnated.  About  ten  miles  to 
e  N.E.  of  this  town  there  are  many  old  temples  of  Guebres, 

each  of  which  there  is  a  jet  of  inflammable  gas,  rising  from 
tertures  in  the  earth.  The  flame  is  pale  and  clear,  and  smells 
rongly  of  sulphur.    Another  and  a  larger  jet  issues  from  the  side 

a  hiU.    The  ground  is  generally  flat,  and  slopes  to  the  sea.    If 

the  circumference  of  two  miles;  holes  be  made  in  the  earth, 
18  immediately  issues,  and  inflames  when  a  torch  is  applied, 
he  inhabitants  place  hollow  canes  into  the  ground,  to  convey  the 
18  upwards,  when  it  is  employed  for  the  purposes  of  cookery  as 
ell  as  for  a  light  X,  M.  Lenz,  describing  an  eruption  of  mud 
id  flame  near  the  village  of  lokmali,  murteen  wersts  to  the 
est  of  Badku,  would  seem  to  attribute  the  gaseous  exhalations 
r  this  district  to  a  volcanic  origin,  but  the  facts  adduced  will 
aurcely  admit  of  this  interpretation.  He  notices  this  eruption  as 
ftving  taken  place  on  November  27,  1827.  A  column  of  flame 
iirst  out,  where  no  flame  had  been  previously  seen,  and  rose  for 
nree  hours  to  a  considerable  height,  then  lowered  itself  to  the 
eight  of  three  feet,  and  biurnt  for  twenty-four  hours.  After  this 
le  mud  rushed  forth  and  covered  the  country  over  an  area  of 
00  toises  by  150,  to  the  depth  of  two  or  three  feet.  There  is 
ifficient  evidence  that  other  eruptions  of  mud  or  clay  had  previ- 
osly  taken  place  from  the  same,  or  nearly  the  same,  place, 
liis  and  other  "salses"  noticed  in  the  same  territory  cannot  be 
armed  volcanic,  in  the  usual  acceptation  of  the  word.  Moreover 
re  learn  from  the  observations  of  the  same  author,  that  at  the 
iteeh-gah,  or  the  great  fires  of  Badku,  the  principal  jet  rises 
hrougb  a  calcareous  rock,  with  a  dip  of  25^  to  the  S.£.,  the 
issures  or  cracks  being  rendered  blue  by  it§. 

Carbonic  acid  gas  is  evolved  abundantly  in  coal-pits  and  vol- 

•  Trans.  New  York  Phil.  Soc.  f  Journal  of  Science. 

V  Edin.  Phil»  Journal,  vol.  vi.  §  Humboldt,  Fragment  Km\\Q(vv^^. 


142  DepomUfrom  Spru^» 

canic  regkma.  Its  occurrence  in  the  Grotto  del  Cane,  of  whidi 
such  overcharged  descriptions  have  heen  given,  is  well  knowiv 
MM.  Bischof  and  Noggerath  notice  a  pit,  on  the  side  of  the  lake 
of  Laach,  in  which  they  found  dead  hirds,  squirrels,  l>at»>  ftop, 
toads,  and  insects,  killed  hy  the  evolution  of  carhonic  acid  gas. 

A  very  copious  discharge  of  carbonic  acid  gas  occurs  on  the 
Kyll,  nearly  opposite  Birresborn.  The  gas  rises  through  fissum 
of  the  rock,  and  traverses  a  pool  of  rain-water,  resting  on  it,  nvitk 
such  violence  that  the  noise  is  stated  to  be  heard  at  the  distanet 
of  400  yards.  Birds  are  killed  when  they  approach  too  dose,  aoA- 
persons  wishing  to  drink  are  driven  away  by  the  gas,  a  stratum  j 
of  which  covers  the  surrounding  turf*. 

In  many  situations  gaseous  vapours  come  to  the  surface  mixei 
with  water  or  petroleum,  with  sufficient  force  to  produce  'silimlfc 
or  mud  volcanos.  Dr.  Daubeny  considers  those  of  Maculaba  m 
Sicily  as  independent  of  volcanic  action,  but  due  to  the  combos*  i 
tion  of  the  sulphur  existing  among  the  rocks.  Mud  eruptions  from . 
the  discharge  of  gaseous  vapours  and  water  are  known  in  maaf  i 
other  places  f. 

Deposits  from  Springs, 

Springs  are  seldom  or  ever  quite  pure,  owing  to  the  solvenlje 
property  of  water,  which  percolating  through  the  earth,  always 
becomes  more  or  less  charged  with  foreign  matter.     Carbonate^ 
sulphate,  and  muriate  of  lime,  muriate  of  soda,  and  iron,  are 
frequently  present  in   spring  waters.     Some  are  more  highly  Jj 
charged  with  these  and  other  substances,  such  as  carbonate  of  J 
magnesia  and  even  silica,  than  others,  and  have  hence  obtained 
the  name  of  mineral  springs.  *  Many  are  thermal,  as  before  no* 
ticed,  and  seem  not  immediately  derived  from  the  waters  of  die 
atmosphere ;  as  may  also  be  the  case  with  many  that  are  cold, 
their  more  elevated  temperature  having  been  lost  in  their  passage 
upwards  through  colder  strata. 

Many  thermal  springs  contain  silica,  though  this  substance  is 
of  exceedingly  difficult  solution.  The  siliceous  deposits  from  the 
Geysers  ito  Iceland  are  well  known.  Sir  George  Mackenzie  de- 
scribes the  leaves  of  birch  and  willow  converted  into  stone,  every 
fibre  being  discernible.  Grasses,  rushes,  and  peat  are  in  every 
state  of  petrifaction.  There  are  also  deposits  of  clay  containing 
iron  pyrites,  which  decompose  and  communicate  very  rich  tints  to 
it.  The  deposits  from  the  Geysers  extend  to  about  half  a  mile  in 
various  directions,  and  their  thickness  must  be  more  than  twelve 
feet,  for  that  depth  is  seen  in  a  cleft  near  the  Great  Geyser. 

The  finest  exhibition  of  such  deposits  as  yet  noticed,  occurs  in 

*  Bischof  and  Noggerath,  Edin.  Phil.  Journal, 
t  Those  near  Modena  have  long  been  celebrated. 
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le  volcanic  district  of  St  Michael,  Azores.  Dr.  Webster  de- 
ribes  tbe  hot  springs  of  Furnas  as  respectively  varying  in  tern- 
^rature  from  73^  to  207°  Fahr.,  and  depositing  large  quantities 
'day  and  siliceous  matter,  which  envelope  the  grass,  leaves,  and 
her  vegetable  substances  that  fall  within  their  reach.  These 
ey  render  more  or  less  fossil.  The  vegetables  may  be  observed 
all  stages  of  petrifaction.  He  found  "branches  of  the  ferns 
lich  now  flourish  in  the  island  completely  petrified,  preserving 
e  same  a^^earance  as  when  vegetating,  excepting  the  colour, 
lich  is  now  ash-grey.  Fragments  of  wood  occur,  more  or  less 
langed ;  and  one  entire  bed,  from  three  to  five  feet  in  depth,  is 
mposed  of  the  reeds  so  common  in  the  island,  completely 
ineraHzed,  the  centre  of  each  joint  being  filled  with  delicate 
yitals  of  sulphur*." 

The  siliceous  deposits  are  both  abundant  and  various  :  the  most 
RUidant  occur  in  layers  from  a  quarter  to  half  an  inch  in  thick- 
BMy  accumulated  to  the  depth  of  a  foot  and  upwards.  The  stra- 
i  are  nearly  always  parallel  and  horizontal,  though  sometimes 
ightly  undulating.  The  silex  forms  stalactites,  often  two  inches 
1  length,  in  the  cavities  of  the  siliceous  deposits,  and  these  are 
^uently  covered  with  small  brilliant  quartz  crystals.  Compact 
HBses  of  siliceous  deposits,  broken  by  various  causes,  have  been 
e-eemented  by  silica,  and  the  compound  is  represented  as  very 
leiatiful.  Some  of  the  elevations  of  this  breccia  Dr.  Webster  con- 
iders  upwards  of  thirty  feet  in  height.    The  general  deposit  ap- 

r«  to  be  considerable,  and  to  form  low  hills.  The  colours  of 
day  and  siliceous  substances  are  very  various,  and  even  bril- 
Kttt^ — ^white,  red,  brown,  yellow,  and  purple  being  the  principal 
tints.  Where  the  acid  vapotu^  reach  the  rocks,  they  deprive  them 
ifiheir  colours.  Sulphur  is  abundant,  and  the  springs  occur  in  a 
diitrict  of  lava  and  trachyte  f. 

According  to  James];,  the  thermal  springs  of  the  Washita  de- 
podt  a  very  copious  sediment,  composed  of  silex,  lime,  and  iron, 
nds  shows  that  hot  springs,  when  propelled  through  a  non-vol- 
ct&ic  district,  may  yet  contain'  silica.  The  same  may  be  said  of 
ionie  of  the  springs  in  India.  Dr.  Turner  found  that  the  thermal 
flings  of  Pinnarkoon  and  Loorgootha,  in  that  country,  which 
produced  24  grains  of  solid  matter  in  a  gallon,  contained  21.5  per 
Mat  of  silica,  19  of  chloride  of  sodium,  19  of  sulphate  of  soda,  19 
of  carbonate  of  soda,  5  of  pure  soda,  and  15.5  of  water§.  The 
fidlowing  is  an  analysis  of  the  Geyser  waters  and  hot  springs  of 
Kakum,  Iceland,  by  Dr.  Black.    A  gallon  of  each  produced : — 

*  Edin.  Phil.  Journal,  vol.  vi. 

t  Ibid, 

X  Expedition  to  the  Rocky  Mountains. 

§  Elements  of  Chemistry. 
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Geyser.  Reikmn. 

Soda 5.56  3.0 

Alumina 2.80  0.29 

Silica 31.50  21.83 

Muriate  of  soda  ....  14.42  16.96 

Sulphate  of  soda    .  .  .     8.57  7.53 

These  analyses  do  not  show  the  presence  of  lime,  but  Sir  0 
Mackenzie  mentions  a  calcareous  deposit  from  boiling  sprinfl 
(temp.  212^)  in  the  valley  of  Reikholt,  in  Iceland,  chargea  wn 
carbonic  acid  gas.  Many  thermal  and  other  springs  contain  Ai 
gas,  which  seems  very  abundant  in  volcanic  regions.  To  its  ponv 
of  dissolving  lime,  when  passing  through  calcareous  rocK^,  those  Aft 
posits  are  due,  that  are  so  common  in  some  countries,  particulailj 
when  volcanic,  which  are  known  under  the  general  name  of  Tte 
vertino  or  calcareous  tufa.  Probably,  also,  many  hot  springs  mq 
contain  carbonic  acid  gas,  which,  not  meeting  with  i  '^reofus  si 
magnesian  strata,  is  thrown  off  when  in  contact  witu  tue  atmo- 
sphere. 

Travertines  are  of  greater  geological  importance  than  the  & 
ceous  deposits  from  modem  springs,  at  least  so  far  as  their  ezteo! 
of  surface  and  depth  are  concerned;  though  both  these  have  becS 
greatly  exaggerated,  from  the  usual  mode  of  comparing  such  de 
posits,  not  with  the  superficies  of  the  land  generally,  but  with  dieii 
magnitude  relatively  to  the  valleys  or  plains  in  which  they  m^ 
occur,  and  not  unfrequently  with  that  of  man  himself. 

The  deposit  from  the  fountain  of  Saint  Allire,  near  Clermooli 
formed  a  bridge  which  was,  in  1754,  one  hundred  paces  long,  eigU 
or  nine  feet  thick  at  its  base,  and  twenty  or  twenty-four  inches  ii 
its  upper  part  ♦. 

Mr.  Lyell  notices  the  calcareous  deposits  from  the  baths  of  SaB 
Vignone,  and  states  that  one  stratum,  composed  of  several  layers 
is  fifteen  feet  thick,  and  that  large  masses  are  cut  out  of  it  fio* 
architectural  purposes +.  According  to  Dr.  Gosse,  the  thennal 
waters  which  deposit  this  travertino  are  sufiiciently  hot  to  boil 

eggs. 

The  thermal  waters  at  the  baths  of  San  Filippo,  not  far  fitxii 
the  above,  have  a  temperature  of  122°  Fahr.,  one  spring  bditf 
about  a  degree  or  two  higher.  They  contain  silica,  sulphate  A 
lime,  carbonate  of  lime,  sulphate  of  magnesia,  and  sulphur;  audi 
notwithstanding  their  elevated  temperature,  Conferva  flourish  in 
them.  The  ground  around  is  formed  of  travertino  deposited  1m 
the  springs.  There  are  many  fissures ;  one  thirty  feet  deep,  and 
150  to  200  feet  long.  In  it  the  water  is  whitish,  and  in  a  state 
of  ebullition,  whence  its  name,  II  BoUore.  It  emits  copious  dis* 
charges  of  steam  and  sulphurous  vapour.    There  are  other  fissures, 

*  Daubuisson,  t.  i.  p.  142.  f  Principles  of  Geology,  p.  202. 
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Id  vbich  sulpliar  is  sublimed  in  the  same  manner  as  at  the  Solfa- 
Im  near  Naples,  and  the  produce  was  sufficient  to  constitute  a 
hnmch  of  industry,  now  however  abandoned.  The  surfaces  of 
these  fissures  are  penetrated  by  sulphuric  acid.  Dr.  Gosse  ob- 
mred  the  siliceous  stalagmites  mentioned  by  Professor  Santi,  and 
(iescribes  them  as  covermg  the  surface  of  the  travertino  to  the 
depth  of  one-eighth  of  an  inch  *.  Mr.  Lyell  notices  the  spheroidal 
iiiicture  of  the  travertino  deposited,  and  compares  it  with  the 
Hgnesian  limestone  of  Sunderland.  What  the  amount  of  mag- 
■na  may  be  in  the  San  Filippo  travertino  is  not  stated,  but  ac- 
Mding  to  Dr.  Gosse  it  is  combmed  with  sulphuric  acid.  Sulphate 
f  lime  ejdsts  in  great  abundance  in  these  springs,  so  much  so, 
hat  before  the  water  is  conducted  to  the  places  where  the  weU- 
Inown  medallions  are  formed,  it  is  allowed  to  stagnate  for  the 
■Dpose  of  depositing  the  sulphate  of  lime.  That  the  sulphates 
iuDld.lv^j^mmon,  would  be  expected  where  so  much  sulphurous 
npooiriis  .solved,  and  it  is  even  stated  that  sulphur  exists  in  the 
travertino,  though  it  is  principally  composed  of  carbonate  of  lime. 
Deposits  of  travertino  are  by  no  means  uncommon  from  cold 
Brings  in  the  Apennines,  particularly  near  the  volcanic  region 
■  soudiem  Italy.  The  celebrated  Falls  of  Temi  are,  as  is  well 
blown,  artificial,  and  have  been  formed  by  cutting  through  a  pre- 
Tums  calcareous  deposit,  to  form  a  channel  for  the  Velino,  which 
low  rushes  over  a  precipice  into  the  Nera  beneath.  Upon  the 
fat  land  above,  a  considerable  deposit  of  lime  has  taken  place ; 
—when,  it  does  not  so  clearly  appear,  but  probably  since  the  esta- 
Uishment  of  the  present  order  of  things.  Notwithstanding  the 
Tekidty  of  the  water,  its  cutting  powers  are  trifling,  and  the  upper 
diannel  preserves  all  the  appearance  of  art.  The  Velino  contains 
Biach  carbonate  of  lime,  which  it  deposits  after  the  great  leap,  even 
in  the  bed  of  the  Nera,  which  does  not  cut  it  off,  but  is  obstructed 
to  a  certain  degree  by  it,  as  may  be  seen  at  a  place  called  the 
Bridge,  over  which  I  crossed  the  Nera,  by  taking  one  or  two  leaps 
at  the  chasms  cut  by  the  latter  torrent.  At  this  place  there  must 
be  a  constant  struggle  between  the  destructive  power  of  the  Nera, 
and  the  lapidifying  power  of  the  Velino.  The  country  around 
exhibits  abundant  examples  of  calcareous  deposits  from  springs 
charged  with  carbonate  of  lime.  The  usual  explanation  of  this 
j^iaenomendn  seems  very  probable.  It  supposes  the  carbonic  acid 
to  be  derived  from  the  volcanic  regions  beneath,  (and  they  appear 
not  far  distant  on  the  surface,)  which,  passing  with  the  water 
through  the  calcareous  strata,  dissolves  as  much  lime  as  it  can 
take  up,  giving  off  the  excess  of  carbonic  acid  under  diminished 
pressure  in  the  atmosphere,  and  causing  the  carbonate  of  lime  to 
be  deposited.    The  carbonic  acid  found  so  abundantly  in  acidu- 

*  Gosse,  Edin.  Phil.  Journal,  vol.  il. 
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loiu  spiings  is  ascribed  by  Yon  Bueh,  Brangmart,  Bod£,  Yon  Hofl^ 
and  other  geologists,  to  volcanic  or  igneous  action  at  varioiis  depths 
beneath  t^  smface.    M.  Hoffinan  has  farther  shown  dial^  in  cer- 
tain valleys  of  elevation,  mineral  springs  are  frequent,  and  cites 
the  Yalley  of  Pynnont  as  a  good  example,  where  the  waters  am  ^ 
diaiged  with  c^bonic  add  gas  *.    In  the  marshy  meadows  of  the  / . 
Yalley  of  Istrop  (one  of  elevation),  mounds  of  mud,  from  fifteea  ^ 
to  twenty  feet  nigh,  and  100  feet  in  circumference,  are  produced  ^ 
by  currents  of  carixmic  add  gas,  and  on  thdr  surface  many  smaD  'ya 
reservoirs  of  water  are  kept  in  a  state  of  ebullition  by  bubbles  d  {^ 
gas  of  the  size  of  the  fistf.    After  producing  other  examples  flf  >=-^ 
this  evolution  of  carbonic  acid  gas,  dther  combined  with  watoi  . 
or  nearly  if  not  altogether  free,  M.  Hoffinan  observes,  that  '*  tin  ^_ 
country  situated  on  the  left  bank  of  the  Weser  in  the  directifli  ^ 
from  Carlshafen  to  Ylotho,  up  to  the  foot  of  the  Teutoburg^Wald,-  ^^ 
may  be  compared  to  a  sieve,  whose  apertures,  as  yet  undosd,  ^ 
permit  the  escape  of  gas,  disengaged  from  volcanic  depths  Ij  > — ^ 
means  unknown  |."  g^ 

The  travertino  of  Tivoli,  and  the  famous  Lago  di  Zolfo,  near  |^ 
Rome,  have  been  much  appealed  to  by  those  who  ascribe  all  geo*  |-^ 
logical  appearances  to  such  causes  only  as  are  now  in  operatkm}  (^^ 
but  the  former  is  a  mere  incrustation,  considerable  it  is  true  ii  [^ 
some  situations,  if  measured  by  our  own  magnitude,  but  insigm-  ^ 
ficant  if  compared  with  the  country  in  which  it  occurs;  and  tat  l^a 
latter  is  but  a  pond  of  water,  dignified  somewhat  strangely  I7  ;  ^ 
the  name  of  a  lake,  and  containing,  according  to  Sir  H.  Da?yj  r  : 
a  saturated  solution  of  carbonic  add,  with  a  very  small  quantit|^ 
of  sulphuretted  hydrogen.  The  spring  is  thermal,  being  abont 
80^  Fahr. ;  plants  thrive  in  and  about  it,  and  they  are  encased  in 
stone  beneam,  while  they  vegetate  above,  and  thus  they  may  be- 
come fossil,  their  most  delicate  structure  preserved,  and  their 
ramifications  uncompressed. 

All  the  examples  nitherto  produced  of  deposits,  that  can  faiily 
be  traced  to  existing  springs,  are  relatively  (unimportant;  and 
though  they  may  lead  us  to  understand  how  great  geological  de* 
posits  may,  chemically,  have  taken  place,  as  the  cabinet  expen* 
ments  of  the  chemist  teach  us  the  laws  which  govern  nature  on  t 
large  scale,  they  no  more  could  have  produced  the  great  limest(»ie 
or  siliceous  deposits  observed  on  the  earth's  surface,  than  the  ex- 

*  The  following  are  the  contents  of  these  waters,  according  to  Berg- 
man,  in  a  wine  pint:  Carbonic  acid,  26  cubic  inches ;  carbonate  of  mag- 
nesia, 10  grains ;  carbonate  of  lime,  4*5 ;  sulphate  of  magnesia,  5*5 ; 
sulphate  of  lime,  8*5 ;  chloride  of  sodium,  1*5 ;  and  oxide  of  iron,  0*6. 
— Henry's  Elements,  and  Turner's  Elements. 

t  Hofihian,  Journal  de  G^ologie,  t.  i.;  and  Poggendorf'g  Annalen, 
1829.  X  J^^nd. 
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periments  above  afiaded  to  could  produce  the  great  chemical  phae- 
oomena  they  illustrate,  however  long  continued. 
Mr.  Lyell  has  presented  us  with  an  account  of  calcareous  de- 

rits  in  Scotland,  which  are  remarkable,  not  for  their  extent,  but 
the  circumstances  which  attend  them.  It  appears  that  the 
fikkie  Loch,  Forfarshire,  has  produced  a  marl  used  in  the  agri- 
edtare  of  the  country.  The  rollowing  is  a  section  of  the  beds : 
I.  Peat,  containing  trees,  one  to  two  feet;  2.  Shell-marl,  contain- 
■gin  parts tufaceous limestone,  provincially  termed *' roclMnarl," 
me  to  sixteen  feet;  3.  Quick-sand,  without  pebbles,  cemented  to- 
gedier  in  some  places  by  carbonate  of  lime,  two  feet;  4.  Shell- 
hudI  of  good  quality  for  agriculture,  (almost  every  trace  of  shell  is 
]ften  obuterated,)  one  to  two  feet;  5.  Fine  sand,  without  pebbles, 
lesting  on  transported  detritus,  at  least  nine  feet.  The  rock-marl 
■  limited  to  the  vicinity  of  the  springs,  irregularly  distributed  over 
^lake.  The  Bakie  shell-marl  is  white,  with  a  yellow  tint.  The 
(ock-marl  has  the  same  yellow  tint,  and  consists  almost  wholly  of 
carbonate  of  lime,  compact,  and  even  crystalline. 

Organic  remains  of  the  marl.  Horns  of  stags  and  bulls ;  wild 
boar  tusks.  Cmris  ornata,  ham,  LimntBa  peregra^  VcJvata  fon- 
^maiisj  Cyclas  lacustris,  Planorhis  contorttiSj  Ancylus  lacustris,  all 
tf  Lamarck.  Mr.  Lyell  considers  this  calcareous  rock  as  not  im- 
mediately due  to  the  springs,  but  to  have  been  produced  through 
liie  agency  of  the  testaceous  inhabitants  of  the  lake ;  for  though 
the  springs  do  contain  lime,  it  is  in  such  small  quantities,  that 
hey  could  not  directly  produce  the  marl.  He  considers  that  the 
ettaceous  animals  obtained  the  lime  either  from  the  water  or  from 
he  Chora  which  they  fed  upon,  and  that,  dying,  they  left  their 
ialcareous  exuviae  to  form,  by  accumulation,  the  shell-marl,  which 
ras  converted  into  calcareous  rock  by  the  action  of  the  water  upon 
t;  the  water  containing  carbonic  acid,  and  forming  a  solution  of 
iaibonate  of  lime,  which  might  produce  a  crystamne  limestone, 
ieeds  of  Charee,  or  Ggrogonites,  are  converted  into  carbonate  of 
ime,  in  which  the  nut  is  sometimes  found  within ;  but  commonly 
hat  space  is  empty,  and  the  integument  alone  preserved.  The 
Ohara  here  found  mineralized  is  the  Chara  hispida,  a  plant 
ffaich  now  abounds  in  the  Bakie  Loch,  and  in  the  other  lakes  in 
^oifiurshire.  It  contains  such  a  proportion  of  carbonate  of  lime, 
IS  strongly  to  effervesce  with  acids  when  dried. 

Mr.  Lyell,  noticing  the  deposits  of  marl  in  the  Loch  of  Kin- 
lordy,  states  that  it  is  thickest  at  that  end  of  the  lake  where  the 
niings  are  most  common.  The  shells  are  the  same  here  as  at 
he  &kie  Loch,  and  are,  like  them,  nearly  all  young,  scarcely  one 
n  ten  being  full-sized.  A  large  skeleton  of  a  stag  {Cervus  elaphus) 
fas  dug  out  of  the  marl,  and  was  remarkable  as  being  found  in 
i  vertical  position,  the  points  of  the  horns  being  nearly  at  the 
mrfiEice  of  the  marl,  while  the  feet  were  about  two  yards  below  it 

H2 
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The  marl  is  covered  by  peat,  and  in  this  peat  were  discovei 
other  skeletons  of  stags,  and  (in  1820)  the  remains  of  an  ande 
canoe,  hollowed  out  of  the  solid  tnmk  of  an  oak*. 

There  is  something  in  the  formation  of  these  lakes  which 
minds  us  strongly  of  the  epoch  of  the  submarine  forests  and 
the  lacustrine  deposits  of  East  Yorkshire,  which  will  be  noticed 
the  sequel ;  like  them  they  seem  to  have  succeeded  a  considera' 
transport  of  detritus,  and  to  have  been  gradually  filled  up,  bei 
surmounted  by  peat ;  previous  to  the  formation  of  which  lat 
production  man  certainly  was  an  inhabitant  of  these  islands, 
his  works  are  entombed  in  it :  the  lakes  being  then,  probably,  m< 
or  less  open  spaces  of  water,  or  else  his  boat  would  have  been 
little  service  to  him. 

Naphtha  and  Asphaltum  Springs, 

These  are  distributed  over  various  parts  of  the  world,  a 
cannot  be  considered  as  rare.  Accor^ng  to  Dr.  Holland,  t 
petroleum  springs  of  Zante  are  much  in  the  same  state  as  in  t 
time  of  Herodotus.  They  are  situated  on  a  small  marshy  fl 
bounded  by  the  sea  on  one  side,  and  by  limestone  and  bitumino 
shale-hills  on  the  others.  The  principal  pool  is  about  50  feet 
circumference,  and  a  few  feet  deep :  the  sides  and  bottom  of  ti 
and  the  others  are  thickly  covered  with  petroleum,  which  by  lu 
tation  is  brought  to  the  surface  of  the  water,  and  collected.  11 
amount  obtained  is  estimated  at  100  barrels  annually  f. 

James  states  that  about  100  miles  above  Pittsburgh,  and  nei 
the  Alleghany  river,  there  is  a  spring,  on  the  surface  of  whi( 
float  such  quantities  of  petroleum,  that  a  person  may  collect  8 
veral  gallons  in  a  day.  He  considers  that  it  may  probably  1 
connected  with  coal  strata,  as  is  the  case  with  similar  springs ; 
Ohio,  Kentucky^. 

The  pitch  lake  of  Trinidad,  estimated  at  about  three  miles  J 
circumference,  has  long  been  celebrated.     According  to  Dr.  Ni 

fent,  the  asphaltum  is  sufficiently  hard  in  wet  weather  to  suppo 
eavy  weights,  but  during  the  heats  it  approaches  fluidity.  It 
intersected  with  numerous  cracks  filled  with  water ;  and  it  appea 
that  these  cracks  sometimes  close  up  again,  leaving  marks  on  tl 
surface  of  the  pitch  lake.  When  slightly  covered  with  soil,  as  it 
in  some  situations,  good  crops  of  tropical  productions  are  obtains 
From  this  covering  of  soil  it  is  difficult  to  estimate  the  exai 
boundaries  of  the  lake§. 
Large  quantities  of  naphtha  are  obtained  on  the  shores  of  tli 

•  Lyell,  Geol.  Trans.  2nd  series,  vol.  ii. 

f  Holland's  Travels  in  the  Ionian  Isles,  Albania,  &c 

X  Expedition  to  the  Rocky  Mountains. 

§  Nugent,  Geol.  Trans,  vol.  i. 
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The  inhabitants  of  the  town  of  Badku,  a  port  on  that 
supplied  with  no  other  fiiel  than  that  obtained  from  the 
and  petroleum,  with  which  the  neighbouring  country  is 
apregnated.  In  the  island  of  Wetoy  and  on  the  penin- 
Lpcheron,  this  substance  is  very  abundant,  supplying  im- 
aantities  which  are  taken  away.  Thermal  sprmgs  are 
lar  those  of  naphtha*. 

aphtha  springs  at  Rangoon,  Pegu,  appear  to  be  exceed- 
mdant.  Mr.  Coxe  estimates  their  produce  at  92,781  tons 
im.  In  the  Indian  Islands  there  are  also  similar  springs. 
.  notices  them  in  Sumatra,  at  Ipu,  and  elsewhere. 

Coral  Beefs  and  Islands. 

Qsequence  of  the  numerous  situations  where  these  are 
le  in  the  Pacific  Ocean  and  Indian  Seas,  very  exagge- 
}as  have  generally  been  entertained  of  their  relative  im- 
.  Large  masses,  supposed  to  be  the  work  of  myriads  of 
s,  were  considered  to  have  been  raised  by  the  labour  of 
imals  from  great  depths,  while  immense  sheets  of  coral 
re  supposed  to  cover  the  bottom  of  the  seas.  During 
e's  voyage,  M.  Chamisso  enjoyed  opportunities  of  visiting 
aarbakle  groups  of  islands,  arranged  in  a  circular  or  ovid 
with  openings  among  them  which  permitted  the  passage 
lel  from  the  outer  ocean  into  the  central  basin.  These 
eemed  merely  higher  portions  of  a  circular  or  oval  ridge 
ree&  of  unequal  neights.    M.  Chamisso  presented  a  de- 

of  what  he  considered  the  stages  which  the  coral  reef 
irough  before  it  became  an  island  habitable  for  man.  This 
on  has  been  so  often  quoted  that  it  must  be  familiar  to 
ders. 

|uentlv  to  Kotzebue's  voyage,  MM.  Quoy  and  Gaimard, 
}d  with  the  expedition  of  M.  Freycinet,  paid  particular 

to  the  coral  islands  and  reefs  which  they  had  opportu- 
examining ;  and  the  result  of  their  observations  was,  that 
)gical  importance  of  these  islands  and  reefs  had  been 
exaggerated.  Far  from  supposing  that  the  polypifers 
ises  from  great  depths,  they  consider  that  they  merely 
incrustations  of  a  few  fatiioms  in  thickness.  In  those 
I  where  the  heat  is  constantiy  intense,  and  where  the 
lit  into  bays,  with  shallow  and  quiet  water,  the  saxigenous 
icrease  most  considerably,  incrusting  the  rocks  beneath, 
le  authors  observe,  that  the  species  which  constantiy 
he  most  extensive  banks  belong  to  the  genera  Mean- 
vryophyllia,  and  Astrea,  but  especially  to  the  latter;  and 
]%  genera  are  not  found  at  depths  exceeding  a  few  fa- 

*  Edin,  PhiL  Journal,  vol.  v. 
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thorns.  It  is  therefore  concluded,  that  unless  we  are  to  sappoK 
these  animals  enjoying  the  prerogative  of  inhabiting  all  deptha, 
under  various  pressures  of  water,  and  different  temperatures,  tfaey 
cannot  have  produced  the  masses  attributed  to  them.  From  then 
and  other  considerations  they  infer,  that  the  appearance  of  oonl 
reefs  and  islands  depends  on  the  inequalities  of  tne  mineral  masM 
beneath,  the  circular  character  of  some  being  due  to  the  crests  of  > 
submarine  craters*.  This  conclusion  seems  &r  from  imjNrobabh^  ib: 
for  we  know  that  volcanic  vents  are  common  in  the  same  seaiS  'm 
and  that  in  the  West  Indies,  and  the  tropical  parts  of  the  Atlantic  ^ 
where  corals  are  sufficiently  numerous,  we  do  not  observe  tbflil  t 
circular  groups  of  islands,  where  volcanic  vents,  though  ezistiii|^  iae. 
are  far  from  attaining  the  importance  of  those  in  the  Pacific  OceiB  € 
or  Indian  Seas.  /s- 

MM.  Quoy  and  Gaimard  observe,  that,  neither  with  the  andioi  ^ 
nor  the  lead,  have  thev  ever  brought  up  fragments  o{Astre€B,  aloM  !■■ 
capable  of  covering  large  spaces,  except  where  the  water  mi 
shallow,  about  twenty-five  or  thirty  feet  in  depth,  though  tiMf 
found  that  the  branched  corals,  which  do  not  rorm  solid  vama, 
lived  at  great  depths  f.  They  agree  with  Forster,  ihat  die  po^ 
pifers  may  form  small  isles,  when  masses  of  land  shelter  uieOi 
oy  raising  their  habitations  to  the  level  of  the  sea :  thus  ezpoaaf  jiB 
a  surface  on  which  sands  and  other  matters  are  heaped  and  ood*  M 
solidated :  a  mode  of  formation  in  accordance  with  what  I  haie  W 
observed  on  the  coasts  of  Jamaica.  [^ 

With  regard  to  the  great  depth  of  water  frequently  observe! 
close  to  the  coral  reefs,  the  same  authors  consider,  that  they  maylw 
accounted  for  on  the  supposition  that  the  polypifers  have  erected 
their  dwelling  upon  the  verge  of  a  steep  cliff,  such  as  is  commoai^ 
observed  on  the  sides  of  mountains  and  coasts.  In  support  of  tfai 
opinion  they  cite  the  isle  of  Rota;  where  corals,  resembling  ihoie 
now  found  in  the  neighbouring  seas,  occur  on  clifis.  There  aie,  *- 
however,  certain  situations  where  coral  reefs  lun,  as  it  were,  in  I  -^ 
line  with  a  coast,  but  separated  from  it  by  deep  water,  which  would  ^ 
seem  to  require  a  different  explanation.  ? 

In  situations  such  as  those  in  which  these  coral  isles  and  reefr    9 
abound,  where  recent,  and  comparatively  recent,  volcanic  actioo     I 
is  so  apparent,  we  should  expect  to  find  evidences  of  the  rise  of     | 
such  reefs  above  the  level  of  the  sea;  and,  accordingly,  navigaton 
have  presented  us  with  them.    MM.  Quoy  and  Gaimard  state, 

*  Quoy  et  Gaimard,  Sur  rAccroissement  des  Polypes  Lithophytet 
coo8id6r6  g^ologiquement,  Ann.  des  Sci.  Nat.  torn.  vi. 

f  Sounding  off  Cape  Horn  at  about  56°  S.,  and  in  about  fifty  fathoBB 
of  water,  they  brought  up  small  live  branched  corals  ;  and  sounding  in 
one  hundred  fathoms  on  the  bank  of  Laghullas  (off  the  southern  pofnt 
of  Africa)  they  obtained  Retepora, 
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that  the  shores  of  Coupang  and  Timor  are  formed  of  coral  beds, 
vhieh  induced  Peron  to  consider  that  the  whole  island  was  the 
inirk  of  pdjpifers.  But  it  appears,  that,  proceeding  towards  the 
iifl^hti,  vertical  beds  of  slate,  traversed  by  quartz,  are  met  with 
It  about  five  hundred  yards  from  the  town ;  and  upon  these  and 
idler  Tocks  do  the  coral  beds  rest,  which  MM.  Quoy  and  Gaimard 
Mmiate  as  not  exceeding  twenty-five  or  thirW  feet  in  thickness. 
lithe  Isle  of  France  a  similar  bed,  more  than  ten  feet  thick, 
between  two  lava-currents ;  and  at  Wahou,  one  of  the 
Isles,  coral  beds  extend  some  little  distance  into  the 
itarior.  To  this  we  may  add,  that  round  the  east  coast,  and  on 
lie  northern  side  of  Jamaica,  there  is  an  extensive  bed  that  merely 
angee  the  land,  about  twenty  feet  thick,  which  has  every  appear- 
iioe  of  a  coral  bank  raised  above  the  waters,  and  brought  within 
he  destructive  action  of  the  breakers. 

In  situations  like  those  in  the  Pacific,  where  volcanos  and  coral 
Mfii  are  both  abundant,  we  should  expect  to  find  some  curious 
nmbinations  of  volcanic  matter  with  coral  banks,  and  even  alter- 
Mtioi&s :  even  admitting,  for  the  argument,  that  the  principal  rock- 
btmlng  polypifers  do  not  build  beneath  twenty-five  or  thirty  feet 
if  water ;  still  with  the  movements  of  land  which  may  accompany 
raicanic  action,  such  banks  may  be  depressed,  and  covered  by 
av»-carrents,  and  again  raised  and  brought  to  view.  The  example 
idduced  in  the  Isle  of  France  is  sufiicient  to  show,  that  at  least 
ne  coral -bed  may  be  inclosed  between  lava-currents. 

We  cannot  conclude  this  sketch  without  noticing  a  singular  fact, 
libierved,  as  we  have  been  informed,  by  Mr.  Lloyd  while  engaged 
in  his  survey  of  the  Isthmus  of  Panama.  Seeing  some  beautifiil 
polypifera  on  the  coast,  he  detached  specimens  of  them ;  and,  it 
oeing  inconvenient  to  take  them  away  at  the  time,  he  placed 
them  on  some  rocks,  or  other  corals,  in  a  sheltered  and  shallow 
pool  of  water.  Returning  to  remove  them  a  few  days  afterwards, 
It  was  found  that  they  had  secreted  stony  matter,  and  fixed  them- 
idves  firmly  to  the  bottom.  Now  this  property  must  greatly 
assbt  in  the  formation  of  solid  coral  banks ;  for  if  pieces  of  live 
eorals  be  struck  ofi*  by  the  breakers,  and  thrown  over  into  calm 
water  or  holes,  they  would  affix  themselves,  and  add  to  the  solidity 
of  the  mass. 

Submarine  Forests, 

At  various  points  round  the  shores  of  Great  Britain,  and  the 
northern  parts  of  France,  accumulations  of  wood  and  plants,  which 
<b  not  appear  to  difier.  from  those  now  existing,  but  on  the  con- 
trary to  be  identical  with  them,  occur  at  levels  beneath  those  of 
liig^water,  so  that  the  wood  and  plants  thus  situated  could  not 
bave  grown  at  the  present  relative  levels  of  sea  and  land.  To 
these  ligneous  and  other  vegetable  remains,  which  axe  cotam»ii\^ 
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seen  at  the  retreat  of  the  tide,  a  temporary  removal  of  the  heaeb, 
or  an  encroachment  of  the  sea  on  tracts  of  land  hut  slightly  raised 
ahove  it,  the  name  of  Submarine  Forests  has  heen  given.  To 
explain  this  phsenomenon  various  hypotheses  have  b^n  framed; 
but  probably  that  which  attributes  it  to  a  subsidence  of  the  land, 
consequent  on  earthquakes  or  internal  movements  of  the  earth,  k 
most  consonant  with  known  facts  and  general  geological  apf)!ea^ 
ances.  This  explanation  was  proposed  by  Correa  de  Serra  in  1 799^ 
and  was  still  further  improved  by  Flayfair,  who  considered  wank 
subsidences  as  merely  forming  a  part  of  those  depressions  and 
elevations  of  the  land,  which  alternately  convert  it  into  the  bedflf  ^ 
an  ocean  or  into  continents  and  islands. 

Correa  de  Serra  describes  the  submarine  forest  on  the  coast  of 
Lincolnshire  as  composed  of  the  roots,  trunks,  branches,  and 
leaves  of  trees  and  shrubs,  intermixed  with  aquatic  plants ;  mapf 
of  the  roots  still  standing  in  the  position  in  whicn  they  grew, 
while  the  trunks  were  laid  prostrate.  Birch,  fir,  and  oak  wen 
distinguishable,  while  other  trees  could  not  be  determined.  Id 
general,  the  wood  was  decayed  and  compressed,  but  sound  piece! 
were  occasionally  found,  and  employed  for  oeconomical  purpoiei 
by  the  people  of  the  country.  Tne  subsoil  is  clay,  above  whldi  ^ 
were  several  inches  of  compressed  leaves,  and  among  them  soine  .~ 
considered  to  be  those  of  the  Ilex  aquifolium,  as  also  the  roots  of  P 
Arundo  phragmites. 

These  appearances  are  not  confined  to  the  coast,  but  extend     '_' 
considerable  distances  into  the  interior,  so  that  the  former  merely    ^ 
presents  a  natural  section  of  that  which  occupies  a  large  area  in- 
land.   A  well  sunk  at  Sutton  afforded  the  following  section. 

1.  Clay 16  feet. 

2.  Substances  similar  to  the  submarine  forest    3  to  4  feet. 

3.  Substances  resembling  the  scouring  of  a 

ditch-bottom,  mixed  with  shells  and  silt  .     20  feet. 

4.  .Marly  clay 1  foot 

5.  Chalk  rock* 1  foot  to  2  feet 

6.  Clay 31  feet 

7.  Gravel  and  water Not  known. 

Another  boring  made  inland  by  Sir  Joseph  Banks  aflfbrded  a 
similar  section.  This  "  moor"  as  Correa  de  Serra  terras  it,  is  con- 
sidered to  extend  to  Peterborough,  more  than  sixty  miles  south 
from  Sutton  f. 

Mr.  Phillips  presents  us  with  very  interesting  details  respecting 
some  lacustrine  deposits  in  Yorkshire,  which  are  apparently  ra 
the  age  of  these  submarine  forests,  and  which  have  oecome  in 

*  This  would  seem  not  to  be  chalk,  properly  so  called,  but  merely  a 
chalky  substance, 
t  Correa  de  Serra,  PhiL  Trans.  1799. 
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nbmerged.     He  remarks  that  the  following  mav  be 

their  general  section.  1.  Clay,  generally  of  a  blue 
le  texture.  2.  Peat,  with  various  roots  and  plants ; 
leposits,  containing  abundance  of  trees,  nuts,  horns 
!8  of  oxen,  &c,  3.  Clay  of  different  colours,  with 
imnaa.  4.  Peat,  as  above.  5.  Clay,  with  fresh- 
fSf  &c.  and  blue  phosphate  of  iron.  6.  Shaly  curled 
ay.  7.  Sandy  coarse  laminated  clay,  filling  hollows 
I  formation.  Mr.  Phillips  considers  the  accumula- 
dong  the  banks  of  the  Humber  and  its  tributaries 
i  epoch  as  these  deposits,  of  which,  he  observes,  the 

beds  are  Nos.  1, 2,  and  5.  The  species  of  deer  enu- 
md  in  the  peat,  are, — the  great  Irish  elk  {Cervus  gi- 
'edAeeT(C.elaphus)f  and  the  fallow  deer  (C.Z)ama). 
osit  of  the  marsh-lands  is  covered  by  silt  and  day, 
irty  feet  thick,  such  as  is  now  deposited  by  the 
rhe  peat  is  represented  as  beneath  low-water  mark, 
change  of  the  relative  level  of  the  land  seems  as 
s  in  the  other  localities  to  be  hereafter  noticed. 
^  describes  a  submarine  forest  on  the  shores  of  the 
extending  in  detached  portions  on  each  side  of  Flisk 
niles  to  ute  westward  and  seven  miles  to  the  east- 
8  on  clay  of  unknown  depth.  The  clay  is  similar 
'ound  on  the  opposite  side  of  the  Frith,  and  to  the 
hannel.  "  The  upper  portion  of  this  clay  has  been 
numerous  roots,  which  are  now  changed  into  peat, 
lem  even  into  iron  pyrites.  The  surface  of  this  bed 
md  situated  nearly  on  a  level  with  low-water  mark. 
,  however,  it  varies  a  little  in  different  places.  The 
:^  immediately  above  this  clay.  It  consists  of  the 
^es,  stems,  and  roots  of  many  common  plants  of  the 

EquisetacetBj  Gramhiea^  and  Cyperacea,  mixed 
ees,  and  branches  of  birch,  hazel,  and  probably  also 
•nuts  destitute  of  kernel  are  of  frequent  occurrence, 
able  remains  are  much  depressed  or  flattened  where 
I  horizontal  position,  but  when  vertical,  they  retain 
rounded  form.  The  peat  may  be  easUy  separated 
rs,  the  surface  of  each  covered  with  leaves.  The 
f  this  peat  is  of  a  browner  colour  than  the  superior 
;ture  is  likewise  more  compact,  and  the  vegetable 
ibliteratedf." 
thor  further  observes,  that  stumps  of  trees,  with  the 

are  observed  on  the  surface  of  the  peat,  and  no 
;  that  they  are  in  the  positions  in  which  they  grew. 

,  Illustrations  of  the  Geology  of  Yoikshiie,!^^^. 
loyaJ  Soc.  of  Edinburgh,  vol,  Ix. 
116 
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No  alluvial  soil  stratum  was  observed  above  the  peat,  the  surfiEioe  s 
of  which  does  not  occur  at  a  higher  level  than  from  four  to  five  ^ 
feet  behw  high-^ater  marh,  c 

Dr.  Fleming  also  describes  another  submarine  forest  in  the  Fri&  a 
of  Forth,  at  Largo  Bay.  It  rests  on  a  brown  clay,  into  which  the  jE 
roots  of  the  trees  have  penetrated.  The  author  considers  it  as  la-  c 
custrine  silt  Over  this  there  is  an  irregularly  distributed  cove^  ■ 
ing  of  sand  and  fine  gravel.  The  peat  is  composed  of  land  vA  )■ 
fresh-water  plants,  among  which  are  the  remains  of  birch-,  haieH  ^ 
and  alder-trees ;  hazel-nuts  are  also  seen.  Dr.  Fleming  tracel  t 
the  root  of  one  tree,  apparently  an  alder,  more  than  six  feet  fnm  i 
the  trunk  *.  w 

If  we  pass  from  the  main  land  of  Scotltod  to  its  isles,  we  shiB  in 
observe  that  the  same  appearances  present  themselves.  Mr.  Watt  ^ 
notices  a  submarine  forest  in  the  bay  of  Skaill,  on  the  west  coat  « 
of  the  mainland  of  Orkney.  Stems  of  small  fir-trees,  ten  feet  loBg  ■ 
and  five  or  six  inches  in  diameter,  are  found  partly  imbedded  in,  s 
and  partly  resting  on,  the  surface  of  an  accumulation  of  vegettUi  b^ 
matter  principally  composed  of  leaves.  The  stems  were  still  afe^  v 
tached  to  their  roots,  and  the  whole  was  greatly  decayed,  so  ai  to  ^ 
be  easily  cut  by  the  spade.  Many  seeds  of  the  size  of  a  taaa^  '^ 
seed  were  discovered  among  the  vegetable  matter  f .  ? 

The  Rev.  C.  Smith  describes  a  submarine  forest  on  the  coast  of  f 
Tiree,  one  of  the  Hebrides.  Beneath  a  plain  of  1500  acres  ii 
extent  there  would  appear  to  be  moss-land,  similar  to  that  pn* 
viously  noticed,  under  twelve  or  sixteen  feet  of  alluvial  covering*  J 
The  moss-land  is  seen  to  bound  the  plain  on  the  east,  and  the  bi^ 
in  which  it  appears  is  open  to  the  whole  force  of  the  Atlantic  Thf 
general  depth  of  the  peat  or  moss-land  amounts  to  several  fecty 
but  at  its  appearance  on  the  shore  it  does  not  exceed  four  or  five 
inches.  This  is  firm,  and  adheres  strongly  to  a  sandy  clay,  <tt 
which  it  is  based.  Besides  the  remains  of  trees,  which  are  obvioni^ 
there  are  other  and  smaller  plants,  and  numerous  seeds,  which  ft 
first  looked  quite  fresh,  but  afterwards  became  darker  from  ezpih 
sure.  "The  seeds  have  the  appearance  of  belonging  to  some  plaat 
of  the  natural  order  of  Leguminosa ;  and  Mr.  Drummond  su^;e8ti 
that  they  may  probably  be  those  of  Genista  anglicaX" 

According  to  the  same  author,  submarine  forests  are  by  bo 
means  uncommon  on  ihe  shores  oi  Coll.  He  also  cites  the  net* 
H.  Maclean  as  having  noticed  similar  appearances,  not  obaerved 
by  himself,  in  the  island  of  Tiree. 

Returning  again  to  the  main  land,  we  find  similar  appearances 
described  by  Mr.  Stephenson,  on  the  shores  of  the  flat  lands  be- 

*  Journal  of  Science. 

t  Edin.  Phil.  Journal,  vol.  iii.  p.  100. 

X  Smith,  Edhi.  New  PhiL  JoumaJ,  1829. 
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sen  the  Mersey  and  the  Dee,  on  the  coast  of  Cheshire.  Stumps 
trees,  ramifying  in  all  directions,  are  stated  to  appear  as  if  cut 
about  two  feet  from  the  ground.  The  vegetable  matter  rests 
bluish  marl,  and  is  covered  by  sand*. 

\Ar.  Homer  describes  a  submarine  forest  on  the  coast  of  the 
¥.  part  of  Somersetshire.  It  is  well  seen  between  Stolford  and 
month  of  the  Parret,  where  the  shore  is  low ;  a  high  shingle 
ich,  principally  composed  of  lias  (the  rock  of  the  vicinity),  pro- 
ts  die  level  land  behind  from  the  sea.  The  vegetable  remains 
sent  themselves  here,  as  in  the  other  places,  as  a  stratum  of 
\t  or  decayed  leaves,  containing  the  trunks,  stems,  and  branches 
Tees.  Among  these  are  twigs,  nuts,  and  a  plant,  (commonly 
nd  entire,)  which  Mr.  Brown  considered  might  be  the  Zoster  a 
umca  of  Linnaeus.  Some  of  the  stems  of  trees  were  twenty 
t  long,  and  the  woods  were  considered  to  be  oak  and  yew,  not 
lerally  decayed,  but  sufficiently  hard  and  tough  to  be  used  as 
iber,  and  for  fuel.  Even  those  trees  which  were  soft  when  taken 
t,  became  hard  when  dried.  The  brown  vegetable  matter  was 
lerally  a  foot  or  eighteen  inches  thick,  and  rested  on  blue 

Prom  this  coast  there  is  an  extensive  tract  of  flat  land,  which 
tends  a  considerable  distance^inland,  and  from  it  the  hills  rise 
promontories,  islands,  and  other  forms,  precisely  as  they  would 
e  from  a  level  sea.  Mr.  Homer  cites  De  Luc  as  stating,  that 
die  new  channels  were  digging  between  the  Brue  and  the  Axe, 
led  of  peat  was  found  beneath  the  surface.    This  stratum,  if  it 

rbe  BO  called,  has  been  noticed  in  other  parts  of  the  same  flats, 
even  trees  have  been  reported  as  found  in  it;  seeming  to  show 
it  the  forest  noticed  on  the  shore  may  be  only  a  section  of  a  large 
posit  beneath  the  Bridgewater  levels. 

il  very  important  addition  to  our  knowledge  of  submarine  fo- 
tt  baa  been  made  by  Dr.  Boase  in  his  description  of  that  in 
wnt's  Bay,  Ck>mwall.  The  vegetable  bed  consbts  of  a  brown 
BSf  composed  of  the  bark,  twigs,  and  leaves  of  trees,  which 
lear  to  be  almost  entirely  hazel.  In  this  there  are  numerous 
inehes  and  trunks  of  trees.  The  greater  part  of  this  wood  is 
fidy  mixed  with  alder,  elm,  and  oak.  *' About  a  foot  below  the 
face  of  this  bed,  the  chief  part  of  the  mass  is  composed  of  leaves, 
ongst  which  hazel-nuts  are  very  abundant.  In  this  layer  may 
0  be  found  filaments  of  mosses,  and  portions  of  the  stems  and 
drveasels  of  small  plants,  many  of  them  evidently  belonging  to 

*  Edin.  Phil.  Journal^  vol.  xviii.  Mr.  Smith  cites  the  Liverpool  Cou- 
r  of  December  1827,  to  show  that  after  a  heavy  gale,  trunks  and  roots 
trees  were  found  under  the  sand  below  high-water  mark,  which  had 
the  appearance  of  having  grown  where  then  found, 
t  Homer,  Geol.  Trans,  vol  iiL  p.  380,  &c. 
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the  order  of  Grasses ;  together  with  the  fragments  of  insects,  par 
ticularly  of  the  elytra  and  mandibles  of  the  beetle  tribe,  which  stiE 
display  the  most  beautiful  shining  colours  when  first  dug  up,  bm 
on  exposure  to  the  air  all  these  minute  objects  soon  crumble  into 
dust/  Beneath  this,  the  vegetable  matter  becomes  closer,  an^ 
finally  earthy  and  of  a  lameUar  structure.  It  rests  on  granitii 
sand,  and  this  again  on  clay  slate.  The  vegetable  stratum  slopn 
from  the  interior  to  the  sea  at  about  an  angle  of  two  degrees,  jl 
is  covered  by  a  bed  of  smoothly  polished  shingles,  composed  d 
hornblende  rock,  about  two  or  three  inches  in  diameter.  The  bd 
is  sixteen  feet  tbick,  and  is  crowned  by  a  granitic  sand  about  tail 
feet  thick.  The  vegetable  bed,  by  its  rise,  appears  beneath  a 
marsh  inland,  having  passed  under  its  covering  of  pebbles  aaj 
sand*. 

M.  De  la  Fruglaye  observed  that  after  a  heavy  gale  in  ISll^ji 
beach  near  Morlaix,  which  previously  seemed  to  consist  of  san^ 
presented,  from  the  sand  being  washed  away,  an  appearance  oft 
large  mass  of  vegetable  matter  and  trees  united  together  and  ex- 
tending along  shore  for  a  considerable  distance.  The  leaves  wen 
well  preserved,  but  the  trunks  and  branches  of  trees  were  rottOi 
Oak  was  observed  among  the  wood,  and  insects  with  their  cdoms 
preserved  were  discovered  in  the  mass.  A  few  days  after  thii 
event  this  accumulation  of  vegetable  matter  was  again  covered  up 
by  sandf. 

Having  cited  so  many  examples  to  show  their  general  simDsr 
rity,  I  shall  merely  notice  that  I  have  observed  submarine  forests 
on  the  coasts  of  Normandy,  one  to  the  east  of  the  Vaches  Noiiei 
clifis,  and  the  other  near  St.  Honorine,  both  at  the  mouths  of  val- 
leys ;  and  that  at  the  mouth  of  the  Char,  coast  of  Dorset,  there 
are  traces  of  another. 

That  there  has  been  a  change  in  the  relative  levels  of  land  and 
water  since  these  trees  and  plants  vegetated,  cannot  be  doubted, 
but  the  manner  in  which  this  was  produced  may  admit  of  a  ques- 
tion. From  the  subsidences  sometimes  caused  by  earthquakes, 
we  may  presiune  that  Great  Britain,  with  the  Shetland  Isles, 
Hebrides,  and  the  north  coast  of  France,  have  subsided.  But  if 
this  had  taken  place  suddenly  by  a  violent  earthquake,  great 
waves  would  have  been  produced,  and  in  that  case,  the  li^tar 
vegetable  substances,  such  as  leaves,  which  constitute  so  laiige  * 
proportion  of  all  these  deposits,  must,  one  would  suppose,  hift 
been  swept  away.  Now  this  is  not  the  case;  from  which  it  midit 
be  presumed  that  the  relative  change  of  level  has  been  somewhat 
gradual,  though  the  apparently  snapped  trees  do  not  quite  accord 
with  this  supposition,  but  rather  with  something  sudden,  more 
like  a  tomaao  or  wave  consequent  on  an  earthquake.     It  may 

*  Boase,  Trans.  Geol.  Soc  ComwalL    f  Joum.  des  Mines,  t  zzx. 


Baited  Beaches  and  Masses  of  SheUs,  157 

0  be  nipposed  that  a  gradual  rise  of  the  sea,  which  would  ac- 
nulate  protecting  banks  in  front  of  low  land,  the  breakers  pro- 
iUng  them  forward  as  they  occupied  a  higher  level,  might  be 
i  cause.  Whatever  hypothesis  approaches  nearest  the  truth,  a 
mge  has  taken  place  in  the  relative  levels  of  sea  and  land  round 
tax  Britain  and  on  the  north  coast  of  France  since  the  estabh'sh- 
nt  of  climates  differing  little  from,  if  they  were  not  exactly  the 
Be  with,  those  now  existing.  The  absence  of  marine  remains 
sns  to  show  that  the  forests  were  not  suddenly  overwhelmed  by 

1  sea,  for  had  this  been  the  case,  some  vestiges  of  its  former 
ssence  must  have  appeared.  If  a  sudden  rise  of  land  were  again 
restore  the  relative  levels,  the  residence  of  the  forests  beneath 
t  sea  would  be  very  apparent,  various  marine  substances  being 
ached  to  the  trees,  w^ich  are  not  uncommonly  perforated  by 
i  Pholas.  The  above  details  are  perhaps  too  copious  for  the 
m  of  this  volume ;  but  it  seemed  important  to  show  that  changes 
the  relative  levels  of  the  ocean  and  land  had  taken  place  roimd 
r  own  shores  at  such  geologically  recent  times,  more  particu- 
iy  as^it  will  be  attempted  to  prove  beneath,  that  at  least  a  partial 
Iftrence  of  levels  on  our  southern  shores,  of  quite  a  contrary 
nd,  has  preceded  it. 

Bcdsed  Beaches  and  Masses  of  Shells, 

At  Plymouth  and  the  neighbouring  coast  there  are  the  remains 
a  beach,  of  which  the  maximiun  elevation  is  about  thirty  feet 
»ve  high-water  mark,  sloping  gradually  to  the  sea  •.  The  fol- 
wing  is  a  section  at  the  Hoe. 


Fig.  20. 


Upon  the  grauwacke  limestone  beds  d  d,  which  dip  at  a  consi- 
tAle  angle  southwards,  rests  an  accumulation,  c,  of  rounded 
bUes  ana  sand,  with  here  and  there  a  larger  and  angular  piece 
Kmestone  intermixed.  The  accumulation  nas  every  appearance 
t  sea-beach  raised  above  the  present  level  of  the  sea  b,  and  the 
ingles  and  sand  are  so  arranged  that  the  resemblance  is  quite 
rfect,  more  particularly  when  shells  are  found  in  itf.    The 

*  Professor  Sedgwick  informs  me  that  the  Rev.  R.  Hennah  pointed 
t this  beach  to  him  several  years  since;  and  Mr.  Hennah  has  noticed 
n  his  account  of  the  Plymouth  limestones, 
t  I  was  only  fortunate  enough  to  see  fragments,  and  th«&«  a\i\^VNXi^^. 
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•bingles  consist  of  limestone,  slate,  red  sandstone,  reddish  pcn^- 
phyry  (which  occurs,  in  place,  in  another  part  of  Plymouth  Sound), 
and  of  various  rocks  that  form  part  of  the  grauwacke  series  of  At 
neighbourhood.  The  section  annexed  is  exposed  by  blasting  tib 
rock,  the  limestone  being  taken  away  in  great  quantities.  It  vil 
be  observed  that  the  beach,  c,  did  not  extend  to  /,  which*  seen! 
formerly  to  have  been  a  clifi^  in  the  same  manner  as  the  pn&mt 
beach  is  backed  by  a  low  cliff.  The  beach  and  part  of  the  Umn 
stone  hill  are  covered  by  a  gravel  or  loose  breccia  of  angnkl 
limestone  fragments,  a  a',  which  clearl^have  not  received  attntitfi 
from  the  action  of  water  upon  them.  This  circumstance  seemilv 
afford  us  a  relative  date  for  the  beach,  as  the  reader  will  recdM 
that  under  the  head  of  degradation  of  land  it  was  observed  thil 
the  whole  of  this  part  of  Devon  afibrded  a  superficial  detritus  of  tha 
rocks  beneath.  Now  the  angular  pieces  of  limestone,  a,  are  derifli 
from  the  hill  above,  and  have  slipped  by  the  force  of  gnvi^^ 
assisted  by  meteoric  causes,  over  the  beach  c,  as  they  have  alii 
fallen  into  the  cavity  a',  which  being  above  the  old  beach  e,  don 
not  contain  either  pebbles  or  sand,  but  is  precisely  similar  to  tiboii 
clefts  in  the  Oreston  quarries  near  Plymouth,  wnere  the  renudot 
of  elephants,  rhinoceroses  and  other  animals,  occur  beneath  tnft 
ments  of  the  same  kind.  It  therefore  seems  fair  to  infer  that  & 
beach  was  raised  during  the  existence  of  these  animals,  and  pre* 
▼ious  to  that  long  period  of  time,  during  which  the  action  of  thft 
atmosphere  slowly,  though  considerably,  destroyed  the  surface  d 
the  hills.  It  seems,  moreover,  to  show  a  configuration  of  land  in 
the  vicinity  not  very  difierent  from  that  which  now  exists.  Urii 
view  is  strengthened  by  a  minute  examination  of  the  coast  froo 
hence  towaro^  Tor  Bay,  along  which,  similar  appearances  nutf 
here  and  there  be  seen;  but  it  must  be  evident  that  this  will  dfr> 

1>end  upon  the  quantity  of  cliff  cut  back  by  the  sea  at  its  present 
evel,  as  will  be  seen  by  the  annexed  diagram. 


9m 


consisted  of  pieces  of  Patella  and  small  Neritat  the  latter  with  thdr 
colours  preserved,  and  resembling  those  now  found  on  the  coast;  hid 
many  hundreds  were  found  in  a  cavity  of  the  limestone  filled  with  sand 
and  thrown  away  by  the  quarry-men.  Beneath  the  citadel  the  land  ii 
coBopoBed  of  fragments  of  shells. 
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,  if  a  a  represent  the  angular  detritus  derived  from  the 
Hikdd,  which  rises  into  a  high  hill  hehind,  and  h  an  an- 
;ach  now  raised  ahove  the  level  of  the  sea  ef,  and  covered 
detritus  a  a,  a  section  made  at  1  1  would  only  show  the 
;  another  made  at  2  2  would  only  expose  detritus  or  slate, 
»m  rising,  as  is  very  commonly  the  case  on  sea-heaches 
rocks  project  among  the  shingles,  particularly  on  coasts 
are  now  under  consideration.  If  the  sea  cut  hack  the  cliff 
we  should  have  such  a  section  as  that  at  the  Hoe;  hut  if 
^be  cut  to  4  4,  the  whole  beach  is  removed,  and  no  traces 
ft.  This  is  precisely  what  happens  on  this  coast,  where 
above  varieties  are  observed.  Under  Mount  Edgecumbe, 
ymouth,  the  rolled  shingles  are  covered  by  fragments  of 
id  red  sandstone.  At  Staddon  Point,  sand  is  covered  by 
t  red  sandstone  fragments.  Further  south,  on  the  eastern 
the  Sound,  and  nearly  opposite  the  Shag  Rock,  there  is  the 
ig  section,  which  may  or  may  not  be  ancient  beach  covered 
tritus:  c,  the  main  rock  of  ar-  «,. 

us  and  arenaceous  schist;  ft,  ^ J'^g*  22. 

I,  some  of  which  approaches  a  i-*"'*  *  " " 
arth,  mixed  with  small  pieces  ^  ^ 
rarely  exceeding  the  size  of  a  'Vs 
or  silence;  a,  detritus,  com- 
f  angular  pieces  of  schist  and  sandstone  of  the  size  of  an 
1  upwards,  mixed  with  others  of  smaller  dimensions, 
i  the  apparent  date  of  the  elevated  Plymouth  beach,  this 
might  perhaps  have  been  more  in  its  place  in  the  next 
,  but  it  is  so  intimately  connected  with  flie  subject  of  the 
te  rise  and  fall  of  land,  that  it  seemed  better  to  let  it  follow 
ice  of  submarine  forests.  The  conclusions  from  both  phss- 
1,  which  should  by  no  means  be  hastily  generalized,  but 
d  for  the  present  to  the  places  noticed,  would  seem  to  be:— 
»nfiguration  of  land  not  greatly  differing  from  the  present, 
lephants  and  rhinoceroses,  perhaps^  existed  in  this  climate, 
beach  elevated.  3.  A  considerable  but  quiet  destructioii 
surface  of  the  hills,  covering  over  the  ancient  beach,  the 
.  shape  of  the  hills  and  valleys  beine  not  very  different  from 
e  now  see.  4.  A  depression  of  the  land,  submergmg  woods 
ests,  and  bringing  the  detritus  of  epoch  3  into  destmctive 
witb  the  sea,  from  which  it  was  in  a  great  measure  pre- 
protected  by  the  usual  slopes  and  beaches :  and,  5.  The 
B  effected  since  the  establishment  of  the  present  relative 
f  sea  and  land. 

ain  Vetch  describes  six  or  seven  terraces  or  ^nes  of  beach 
Isle  of  Jiura  in  the  Hebrides,  which  appear  to  have  been  suc- 
ly  raised  above  the  present  level  of  the  ocean.    The  lowest 
level  with  high  water,  the  most  elevated  about  iot\^  t^^ 
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above  it.  The  terraces  or  beaches  rest  partly  on  the  bare  ' 
and  partly  on  a  thick  compound  of  clay,  sand,  and  angular  p 
of  quartz.  Their  continuity  is  here  and  there  interrupted 
mountain  torrents,  or  the  action  of  the  sea  on  the  suppa: 
compound.  They  are  well  seen  at  Loch  Tarbert  Their  _ 
gate  breadth  varies  "  according  to  the  disposition  of  the  gro 
where  the  slope  is  precipitous,  it  may  be  a  hundred  yards;  n^l 
gentle,  as  on  the  north  side  of  the  loch,  three  quarters  of  a  x 
from  tiie  shore."  These  terraces  or  beaches  are  formed  of  roi 
smooth  white  pieces  of  quartz,  of  the  size  of  cocoa-nuts.  X^ 
are  precisely  similar  to  those  which  constitute  the  present  b€M 
of  the  Atlantic  on  this  side  of  the  island,  and  from  their  forM 
they  must  have  been  produced  by  the  united  action  of  tides  t0 
waves.  Captain  Vetch  mentions,  in  confirmation  of  this  opinloil 
that  a  series  of  caves  is  to  be  found  on  the  same  level  along  thi 
north  side  of  Loch  Tarbert,  at  a  considerable  height  above  the  MM 
and  as  he  never  observed  any  caverns  formed  in  the  quartz  rat 
of  Isla,  Jura,  and  Fair  Island,  except  those  on  the  sea  shore,  kl 
considers  these  to  have  been  thus  produced*. 

M.  Brongniart  describes  a  singular  accumulation  of  shefll 
precisely  similar  to  those  which  exist  in  the  neighbouring  sea,  i 
Uddevalla,  in  Sweden.  Their  abundance  is  very  considerable,  fti 
they  have  been  long  employed  on  the  roads;  they  are  nearly  ftM 
from  any  earthy  mixture,  and  though  many  are  broken,  ihMI 
are  numbers  entire.  The  largest  mass  rises  among  gneiss  rocfai 
to  the  height  of  sixty-six  metres  above  the  level  of  the  sea.  Ttid 
author,  considering  that  he  might  find  traces  of  the  former  n* 
dence  of  the  sea  upon  the  fundamental  rock,  gneiss,  searchaij 
around  with  considerable  attention,  and  was  rewarded  by  the  dii' 
covery  of  Bcdani  still  adhering  to  the  rocks  on  which  they  giei^ 
now  become  the  summit  of  a  hill.  MM.  Berzelius,  Wbhler,  and 
Ad.  Brongniart,  were  present  at  this  discovery  f. 

At  Nice  the  sub-fossils  of  St.  Hospice  have  long  attracted  at* 
tention;  they  correspond  with  the  present  inhabitants  of  the  Ma- 
diterranean,  and  often  retain  their  colours,  though  they  are  &a» 
rally  blanched.  Of  these  shells  M.  Risso  has  given  a  long lirtt 
From  personal  observation,  I  have  little  doubt  that  the  whole  hM 
been  raised,  in  comparatively  recent  times,  above  the  present  lefd 
of  the  Mediterranean.  Beneath  Baussi  Raussi,  a  neighbouriiig 
clifi)  and  from  thence  to  the  principal  deposit  of  sub-fossil  shdbi 
there  is  apparent  evidence  of  a  raised  beach,  the  pebbles  being 
rounded,  and  intermixed  with  sand,  in  which  shells  similar  ts 
those  now  existing  in  the  neighbouring  sea  are  discovered.  Indeed 

*  Vetch,  Geol.  Trans.  2nd  series,  vol.  i. 

f  Brongniart,  Tableau  des  Terrains  qui  composent  rEcoree  du  Gkkik 
p.  89. 
/  HisL  Nat  de  I'Europe  Meridionale. 
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^  the  peninsula  ci  St.  Hospice  and  the  cliff  above  mentioned, 
Id  beach  much  resembles  that  near  Plymouth,  with  the  ex- 
tn  that  the  latter  has  been  higher  raised*.  The  elevation 
Vice  must  have  taken  place  after  the  land  had,  in  a  great 
K,  received  its  present  configuration, 
ie  la  Marmora  presents  us  with  a  very  interesting  account 
ed  containing  sub-fossil  shells  and  the  remains  of  coarse 
'  in  Sardinia,  which  would  appear  not  only  to  come  under 
id  of  a  raised  beach,  but  also  of  the  bottom  of  a  shallow  sea 
)ed  with  it.  Where  most  distant  from  the  present  sea  coast, 
isequently  where  it  most  probably  constituted  the  shores  of 
ent  coast,  before  the  elevation  of  the  land,  or  the  depression 
3a-level,  the  bed  is  earthy  and  ferruginous,  and  contains 
ains  of  terresUial,  fluviatile,  and  marine  shells,  mixed  with 
ts  of  coarse  pottery; — a  state  of  things  we  should,  expect 
habited  coast,  particularly  of  a  nearly  tideless  sea,  such  as 
iterranean.  Where  nearest  the  sea,  and  where  we  may 
sntly  consider  it  to  have  been  formerly  beneath  the  sea, 
bed  rises  gradually  inland,)  this  bed  is  formed  of  a  calca- 
adstone,  the  pottery  disappears,  and  Cerithia  and  Lttcifue 
more  rare.  On  the  N.  W.  of  Cagliari,  where  the  bed  rises 
0  feet  above  the  present  level  of  the  Mediterranean,  and  is 
mt  a  mile  and  a  quarter  distant  from  the  sea,  oysters  (  Ostrea 
re  found  adhering  to  the  rock  upon  which  they  evidently 
!lie  sub-fossil  shells  are  of  the  same  species  with  the  shells 
Qg  on  the  same  shores,  and  are  described  as  in  a  good 
preservation.  Among  the  pottery,  M.  de  la  Marmora 
bdf  on  the  N.  W.  of  Cagliari,  a  roimd  ball  of  baked  earth, 
e  size  of  an  apple,  with  a  hole  in  the  centre,  as  if  to  pass 
irough.  This  ball  M.  de  la  Marmora  considers  may  have 
L  to  fishermen  to  whom  the  use  of  lead  was  unknown, 
n]who  followed  theit  calling  before  the  change  of  level  was 
which  converted  the  bottom  of  a  shallow  sea  into  dry 
We  here  appear  to  have  an  example  of  an  elevation  of 
a  depression  of  the  sea-level,  in  this  part  of  the  Mediter- 
ifier  the  island  of  Sardinia  was  inhabited  by  man.  If  M.  de 
lora  be  correct  in  considering  that  he  can  identify  similar 
he  shores  of  Tuscany,  of  the  Roman  States,  and  of  Sicily  |, 
ge  of  level  would  appear  not  to  have  been  altogether  local. 
»blaye  notices  various  lines  of  worn  rock  on  the  limestones 
e  (similar  to  the  lines  now  produced  by  the  action  of  the 

a  more  detailed  description  of  these  localities,  with  a  view  and 

of  Baussi  Raussi  cliff,  see  my  paper  in  the  Geological  Trans- 

oL  iii.  2nd  series. 

a  Marmora,  Journal  de  Geologic,  torn.  iii. 

e  la  Marmora  carefully  distinguishes  this  sandstone  from  the 

f  forming  at  Messina. 
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wavet  on  the  coasts  of  the  same  countiy),  raised  at  vnni) 
above  the  present  level  of  the  Mediterranean.  He  abo  M 
die  existence  of  small  horizontal  terraces,  and  lines  of  hoC 
by  perforating  shells; — circumstances  which  M.  BoUmM 
to  successive  elevations  of  the  land  above  the  levd  orAsi 
littoral  cavern,  near  Napoli  di  Romania,  contains  a  bM 
ferable  to  the  present  epoch,  for  it  contains  firagmentiof  i 
pottery.  This  cavern  has  apparently  been  raised  five  or  ■ 
above  the  present  level  of  the  Mediterranean  *. 

It  has  been  previously  observed,  that  on  the  west  cositi 
America  a  beach  was  raised  during  the  earthquake  of  18! 
there  were  evidences  of  former  beaches  having  been  so  cl 
M.  Lesson  also  observed  at  Conception,  more  8outhal| 
same  coast,  banks  of  shells,  corresponding  with  those  oftilii 
bouring  sea,  now  dry  and  raised  above  itf. 

It  is  almost  impossible  not  to  remark  in  these  raised 
and  sea  beds,  the  action  of  the  same  forces  which  have  \ 
ticed  under  the  head  of  Earthquakes.  The  land  has  bee 
to  rise  and  fall  at  various  epochs,  as  will  be  seen  in  the 
the  intensity  of  the  force,  producing  these  changes,  vaiyii 
rially.  It  is  exceedingly  mfficult  to  assign  dates  to  tiie  Fl 
raised  beach,  to  the  shells  at  Uddevalla,  and  to  the  othei 
appearances  above  noticed;  but  we  learn  from  them,  thati 
establishment  of  animal  life,  such  as  we  now  observe  it^  1 
tive  levels  of  the  sea  and  land  have  been  liable  to  change, 
have  been  previously  to  this  period,  and,  referring  to  uk» 
of  Serapis,  near  Naples,  as  they  have  been  even  since  i 
erected  his  temples  and  other  works  of  art^* 
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These  will  necessarily  consist  of  existing  animals,  but  n 
include  some  no  longer  found  in  a  living  state.  Man  i 
greatly  modifies  the  present  surface  of  me  land,  by  dei 

*  Boblaye,  Journal  de  G^ologie,  torn.  iii. 

f  Brongniart,  Tab.  des  Ter.  qui  composent  rEcorce  du  Globe; 

X  For  a  detailed  account  of  Uie  geological  appearances  connec 
the  celebrated  Temple  of  Serapis,  at  Puzzuoli,  near  Naples,  coniul 
Prindplet  of  Geology,  vol.  i.  p.  450 — 459.  The  rise  and  fkll  of  la 
to  have  been  as  follows :  1.  After  the  original  building  of  the  U 
sinking  of  the  land,  and  a  covering  of  the  lower  part  of  the  coin 
that  the  boring  shell  (Lithodomus)  only  attacked  them  about  tw< 
above  their  pedestals.  The  height  to  which  the  shells  have  bore 
about  twelve  feet;  therefore  the  columns,  without  being  ovei 
were  certainly  lowered  to  the  depth  of  twenty-four  feet  above  t 
destals  in  water.  2.  Elevation  of  the  temple,  still  standing,  al 
level  of  the  sea,  or  nearly  so,  for  the  pavement  is  not  flooded  to  a 
siderable  depth,  not  more  than  about  one  foot. 
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^llMli  of  forests,  preventing  the  inundations  of  low  countries, 
^^MkBBvtarrents,  and  directing  the  surface  water  through  innume- 
LUemaaneb  to  satis^  his  own  wants  and  conveniences,  hut  he 
Jiidnres  all  animals  hefore  him  which  do  not  suit  his  purposes; 
^t  Ifadreamscrihing  the  domain  of  those  which  are  not  useful  to 
"'li^wiiile  he  covers  the  country  with  those  that  are,  and  which 
could  exist  in  such  numbers  but  for  his  care  and  protection. 
ICbeqaently  all  terrestrial  remains  would  correspond  with  the 
faaong  power  of  man,  and  therefore  a  very  different  suite  of 

£  remains  would  be  now  entombed,  than  when  his  power  was 
limited.    Over  the  inhabitants  of  the  waters  he  would  exer- 
litde  control,  excepting  in  rivers,  small  lakes,  and  round 
Im  coasts. 

(he  very  material  difference  would  be  effected  in  the  quantity  of 

Mmd  shrubs  transported  to  the  sea,  more  particularly  in  the 

flMuate  and  colder  regions,  where  man  requires  wood,  not  only 

fiineiiaiposes  of  various  constructions,  but  also  for  fUel.    We 

I  in  toe  delta  of  the  Mississippi  what  an  abundance  of  wood 

transported  there  by  the  river,  but  which  will  daily  dimi- 

1 M  man  converts  the  forests,  whence  it  is  derived,  into  pastures 

leon-^elds. 

Ae  svantic  animal  Cervus  gigantetu,  commonly  known  as 
|li  bjui  £lk,  was  once  imagined  to  have  existed  only  at  an  epoch 
to  man,  but  it  is  now  considered  that  he  was  co-existent 
lllh  Inm ;  although  this  by  no  means  proves  that  it  did  not  live 
[^  Ae  earth  previous  also  to  him,  as  seems  to  have  been  the 
We  have  no  great  certainty  when  the  Mastodons  of  North 
isaica ceased  to  exist;  it  is  commonly  supposed  that  they  became 
Qtbict  previous  to  the  commencement  of  the  modem  group,  but 
tf dds  we  have  no  good  proof.  The  same  may  be  said  of  some 
ifter  animals. 

Hie  Dodo  seems  to  afibrd  us  an  example  of  the  extinction  of  an 
■faial  in  comparatively  recent  times ;  for  it  is  now  almost  certain 
Alt  this  curious  bird  existed  on  the  isle  of  Mauritius,  during  the 
iigrages  of  the  early  navigators  to  the  East  Indies.    The  relative 
ttigmty,  therefore,  of  animals  whose  remains  are  only  now  found 
Mombedt  most  not  be  too  hastily  inferred.    The  bone  of  the  wolf 
k  tibat  of  an  extinct  animal,  as  far  as  the  British  islands  are  con- 
toned.    In  the  darkness  of  ages  many  animals  may  have  perished, 
M  a  tradition  of  whose  existence  remains,  not  only  from  the  ad- 
noce  of  man,  and  the  power  which  civili2atiou  affords  him,  but 
lin  from  the  destruction  caused  by  predaceous  animals, — though 
be  latter  is  not  so  probable  as  the  former. 
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Section  III. 

ERRATIC  BLOCK  GROUP.  •     *^ 

We  must  impress  upon  the  geological  student  the  necessity  djTj 
considering  this  group  as  simply  one  of  convenience,  formed 
visionally  for  the  purpose  of  presenting  certain  phenomena  to 
attention,  which  in  the  present  state  of  science  could  not 
easily  be  done  under  any  other  head.    The  origin  of  the  v\ 
transported  gravels,  sands,  blocks  of  rocks,  and  other 
substances  scattered  over  hills,  plains,  and  on  the  bottoms  of  vi 
often  referred  to  one  epoch,  may  belong  to  several.    In  a 
all  that  transported  matter  commonly  termed  Diluvium,  re 
severe  and  detailed  examination.    At  the  present  time, 
would  appear  to  be  three  principal  opinions  connected  with 
subject.     One,  supposing  the  transport  to  have  been  effected 
one  and  the  same  period ; — aUother,  that  several  catastrophes  hi 
produced  these  superficial  gravels; — while  a  third  would  seem 
refer  them  to  a  long  continuance  of  the  same  intensity  of 
forces  as  that  which  we  now  witness.     Perhaps  these  v 
opinions  may  arise  from  our  present  inadequate  knowledge  (^ 
phsenomena  on  which  we  attempt  to  reason,  and  probabl 
from  premature  gen^alizations  of  local  facts.    These 
opinions,  though  they  cannot  each  be  correct  in  explanation 
all  the  observed  facts,  may  each  be  so  in  part ;  and  it  were 
be  wished  that  the  phaenomeua  here  arranged  under  one  hetl 
solely,  as  above  stated,  for  convenience,  were  examined  withoit 
the  control  of  a  preconceived  theory.  i 

At  the  close  of  the  last  section,  a  local  elevation  of  land  vtt 
noticed,  of  somewhat  difiicult  arrangement  in  our  systems.  Li 
order  to  illustrate  the  changes  which  nave  taken  place  in  the  saaa 
district,  without,  however,  attempting  to  consider  such  appel^ 
ances  as  general,  I  shall  continue  the  description  of  it.  AtOie-  _ 
ston  quarries,  Plymouth,  clefts  and  caverns  in  limestone  rocks  haft  '  " 
afforded  numerous  remains  of  the  elephant,  rhinoceros,  bear,  fOf 
horse,  deer,  &c.  buried,  more  particularly  in  the  case  of  defiL 
beneath  considerable  angular  masses  and  smaller  frannents  m 
limestone.  In  one  instance  which  I  noticed,  the  animal  remauM 
occurred  beneath  ninety  feet  of  such  accumulations,  the  Ixmes 
and  teeth  being  confined  to  a  black  clay  under  the  fragments. 
The  remains  of  bears,  rhinoceroses,  hysnas,  and  other  animili 
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stained  in  the  celebrated  Kent's  Hole,  near  Torquay,  belong  to 
^same  district.     In  the  superficial  gravel  of  tnit  part  of  the 
^^tiy,  the  remains  of  animals,  of  the  same  kind  as  those  de- 
^M  in  the  caverns,  have  not  yet  been  discovered ;  but  if  we 
,  ^hne  our  researches  eastward,  we  shall  find  them  in  the  val- 
«f8  of  Charmouth  and  Lyme  *,  where  they  occur  in  situations 
^bcb  would  appear  anterior  to  the  great  weathering,  if  I  may 
^  express  myself,  of  the  circumjacent  hills :    thus  apparently 
Jmng  these  remains  of  elephants  and  rhinoceroses  the  same  re- 
me  antiquity  as  those  beneath  fragments  in  the  clefts  of  rocks 
m  Plymouth,  and  probably  also  as  those  contained  in  the 
ifienis  at  the  same  place,  and  in  Kent's  Hole.    Now  the  raised 
leh  in  Plymouth  Sound  seems  to  afibrd  evidence  of  a  configu- 
ioa  of  land  not  widely  different,  in  that  place,  from  the  pre- 
tty and  therefore  we  may  perhaps  infer  the  existence  of  in- 
udities  in  the  land,  or  hill  and  dale,  in  this  district  generally, 
widely  different  from  those  we  now  observe.     It  will  be  re- 
tked  that  the  animal  remains  which  seem  to  imply  a  warmer 
late  existing  at  that  time  than  at  present,  occur  in  low  grounds, 
ires,  and  caves.    Upon  the  former  they  may  have  lived,  and 
i  the  two  latter  they  may  have  either  fallen  or  been  dragged 
leasts  of  prey.    The  elephants  probably  browsing  on  branches 
herbage,  rmnoceroses  preferring  low  grounds,  the  bears  and 
nas  inhabiting  caves,  and  the  deer,  the  ox,  and  the  horse, 
ring  through  the  forest  and  the  plain ;  all  which  supposes 
I  fitted  for  them,  and  therefore  hill  and  dale,  level  plains  and 
y  escarpments  with  open  caverns.     Consequently  valleys  were 
ped  out  previous  to  the  existence  of  the  elephants ;  and  if  a 
B  of  waters  acted  on  the  land,  destroying  these  animals,  it 
t  have  been  influenced  in  its  direction  by  the  previously  exist- 
inequalities  of  surface. 

he  next  question  may  be,  does  this  district  present  evidences 
le  exertion  of  a  greater  intensity  of  natural  force  than  that 
)h  we  now  observe  ?  The  answer  may  be,  that  it  does.  The 
le  district  is  fractured,  or,  to  use  geological  terms,  so  broken 
fiaults,  that  the  spaces  in  which,  with  careful  examination,  they 
not  be  detected,  are  very  inconsiderable.  Such  dislocations 
,  or  may  not,  have  been  contemporaneous  with  the  raised 
h.  Perhaps  they  were  previous  to  it,  for  there  has  evidently 
.  a  very  considerable  dispersion  of  rock  fragments,  and  this 
anently  by  water,  which  would  have  scattered  such  a  beach  as 
noticed  at  Plymouth.  The  following  section  at  the  Warren 
it,  near  Dawhsh,  is  not  only  a  good  example  of  a  compound 
;,  but  also  of  transported  gravel  upon  it. 

The  line  of  coast  has  been  preferred  in  this  description,  because  the 
oos  are  there  more  clear  and  less  equivocal. 


t^. 
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h  b,  conglomerates,  and  c  c,  sandstones 
of  the  red  sandstone  formation,  fractured 
or  broken  into  faults  at//,  so  that  con- 
tinuous strata  are  displaced.  Upon  these 
fractured  strata  rests  a  gravel,  a  a,  com- 
posed of  chalk  flints,  and  green  sand  chert,  ^  ^^7^ 
mixed  with  a  few  pebbles  similar  to  those  ^  ^21^ 
in  the  conglomerates  b  b.  It  has  evidently  ^^j.,^^ 
been  deposited  subsequent  to  the  fracture,  ^  :^^^* 
for  it  rests  quietly  upon  it  and  is  unfrac-  ^Wf^\ 
tured.  The  chalk  and  green  sand  of  this  *'^'^''' 
district  have  once  covered  very  consider- 
able spaces,  though  the  latter  is  now  only  seen  on 
near  this  section,  it  is  true,  but  separated  from  it 
ning  valley.  There  are  many  other  dislocations  so 
same  coast,  where  these  appearances  can  be  obsi 
greatest  ease,  particularly  at  low  water. 

It  might  be  supposed  that  these  flints  and  i 
were  merely  the  remains  of  superincumbent  mass€ 

freen  sand,  which  have  been  destroyed  by  meteo 
arder  parts  falling  down  on  the  top  of  the  fract 
scarcely  consider  this  physically  probable,  if  even 
supposes  the  removal  of  more  than  600  feet  of 
conglomerate  (for  not  until  that  height  above  this 
the  ffreen  sand  and  chalk  come  on),  without  scarce 
of  the  pebbles,  or  large  masses  of  the  red  cough 
the  flints  and  cherts,  which  belonged  to  upper,  an( 
first  destroyed  rocks,  remain. 

Let  us  now  consider  another  class  of  appearanc 
whole  district,  wherever  transported  gravel  occurs, 
the  rocks  (it  being  of  no  importance  what  they  ha; 
drilled  into  cavities  and  holes,  si- 
milar to  those  well  known  on  the 
chalk  of  the  east  of  England.  The 
following  sections  will  illustrate  this : 
a  a,  gravel,  principally  of  flint  and 
chert,  resting  m  a  hollow  of  the  red 
sandstone  b  6,  between  Teignmouth 

and  Dawlish,  the  lines  in  the  gravel 

following  the  outline  of  the  cavity. 
a  a,  gravel  composed  in  a  great 

measure  of  flints,  among  which  are 

some  large  rounded  pieces  of  sili- 
ceous breccia  (the  same  as  that  which 

occurs  in  blocks  on  the  top  of  the         

chalk  hills  near  Sidmouth),  resting 

in  cantiea  in  the  pipe-clay,  near  Teign  Bridge,  whi 
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^  ^lie  Bovey  coal  formation,  and  which  is  not,  as  has  heen 
^  oontemporaneous  with  the  superficial  transported  grayel. 
^  ^^tmples  might  easily  he  adduced ;  hut  these  are  here 
^'^oause  the  geological  student  can  very  readily  ohserve 
"Xliey  seem  to  point  to  some  general  agent,  which,  in  its 
e  Over  the  land,  has  produced  similar  efiects  on  various 
^^''aaing  cavities  and  depositing  fragments,  transported  from 
'  ^'^  less  distances  f.  In  addition  to  this,  we  have,  still  in  the 
2^***^try,  evidences  of  a  washing  of  the  rock  heneath,  hy  which 
(&s  o^itare  mixed  with  the  transported  suhstances,  and  even, 
i^^'^Hte  sections,  have  the  false  appearance  of  surmounting 
^z^^i^^sported  matter,  as  the  annexed  section  of  the  cliff  near 
^  ^ell  illustrates. 
^^  ^^enerated  red  sandstone;  Fig.  26. 

,  gravel  composed  of  chalk  flints, ^ «^ 

vt,  and  pehhles  derived  from  the    a       _,>— -^*r^^^^—       * 
IgHerate  interstratified  with  the    b  'Z^^^k^^^^*^       ^ 

sandstone  c  c,  upon  which  it       X^^^^C^^T^^nT^ 
*  To  a  person  unaccustomed  to    c     >i\^\^\/\^^\^  ^ 
Sogica]  investigations   it   would  ^ 

If  be  imagined,  from  this  section  alone,  that  the  flints  were  in- 
;d  in  the  red  sandstone ;  hut  the  true  arrangement  is  very  ap- 
1^  even  if  the  stratification  of  a  a  and  c  c  did  not  show  it ; 
le  section  is  entirely  fortuitous,  every  variety  heing  ohserva- 
i  the  vicinity,  and  this  merely  selected  as  an  extreme  case. 
T  limits  will  not  permit  greater  detail,  which  would  require 
ecessary  maps,  hut  it  womd  go  far  to  support  the  supposition 
ft  hody  of  waters  had  passed  over  this  land.  The  question 
:  now  arise,  may  there  he  any  connection  hetween  the  mass 
ter  supposed  to  have  passed  over  the  land,  and  the  fractures 
ilts  so  common?  In  answer  to  this  it  may  he  replied,  that 
ft  supposition  is  not  inconsistent  with  possibilities  or  proha- 
8.     We  have  seen  that  during  such  vihrations  and  compara- 

small  dislocations  of  the  earth's  surface  as  those  which  we 
fitness,  the  water  is  thrown  into  movement,  and  hreakswith 
it  or  less  fury  on  the  land.  Still  confining  our  attention  to 
listrict,  it  should  he  ohserved,  that  the  dislocations  are  far 
it,  and  the  faults,  evidently  produced  at  a  single  fracture,  far 
considerable,  than  any  we  can  conceive  possible  from  modem 
}uakes.    It  is  not,  therefore,  unphilosophical  to  infer,  that  a 

lie  same  motive  has  governed  me  in  the  selection  of  sections 
;hout  this  volume,  as  it  cannot  be  expected  that  the  student  should 
dOy  observe  difficult  facts  as  the  accomplished  geologist, 
t  should  be  here  noticed  that  certain  appearances,  in  the  vicinity 
Nrlish,  render  it  possible  that  some  of  these  gravels  may  be  contem« 
BOOS  with  the  Bovey  coal  deposit,  to  be  noticed  in  the  sec^ueL 
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mater  force  causing  vibrations  and  fractures  of  ihe  rocks  woidd 
uirow  a  greater  body  of  water  into  more  violent  movemenf^  ani 
that  the  wave  or  waves  bursting  upon  the  land  would  have  an  ele- 
vation, and  a  destructive  sweeping  power,  proportioned  to  the  di^ 
turbing  force  employed. 

The  next  question  that  will  arise  is,  are  there  any  other  mAiln 
such  a  deluge  passing  over  the  land  ?  To  this  it  may  be  repliedi  ~ 
the  forms  of  tne  valleys  are  gentie  and  rounded,  and  such 
complication  of  meteoric  causes,  that  ingenuity  can  imagine^ 
capable  of  producing;  that  numerous  valleys  occur  on  the  lines 
faults;  and  that  the  detritus  is  dispersed  in  a  way  that  cannot  be  •#•!& 
counted  for  by  the  present  action  of  mere  atmospheric  waters.  Iv  i 
will  more  particularly  remark,  that  on  Great  Haldon  Hill, 
800  feet  above  the  sea,  pieces  of  rock,  which  must  have  been 
rived  from  lower  levels  occur  in  the  superficial  gravel.  Thejr 
certainly  rare,  but  may  be  discovered  by  diligent  search.  I 
found  pieces  of  red  quartziferous'porphyry,  compact  red  san' 
and  a  compact  siliceous  rock,  not  uncommon  in  the  grau 
of  the  vicinity,  where  all  these  rocks  occur  at  lower  levels 
the  summit  of  Haldon,  and  where  certainly  they  could  not 
been  carried  by  rains  or  rivers,  unless  the  latter  be  supposed 
delight  in  running  up  hill. 

It  may  be  stated,  before  we  quit  this  local  description,  that 
faults  do  not  all  range  in  one  direction,  though  east  and  west 
not  uncommon  ;  and  that  as  we  approach  the  Wejnnaouth 
this  direction  predominates.     Near  Weymouth  there  is  one 
and  west  fault,  fifteen  miles  of  which  can  be  traced,  but  it 
bably  extends  further,  for  it  enters  the  chalk  on  the  east, 
therefore  cannot  be  easily  observed,  while  it  plunges  into  the 
on  the  west.    There  seems  also  every  probability  that  these  W< 
mouth  faults  are  connected,  as  has  already  been  remarked. 
Prof.  Buckland  and  myself  in  another  place,  with  the  east  and 
dislocations  through  the  Isle  of  Wignt,  and  probably  also 
the  east  and  west  upraised,  and  afterwards  denuded  country  of  Ai 
Wealds  of  Sussex.    It  should  also  be  remarked,  that  the  accmtf* 
lations  of  gravel  are  often  most  considerable  on  the  eastern  lidfl 
of  the  valleys,  in  the  vicinity  of  Sidmouth  and  L3rme. 

Let  us  now  proceed  to  consider  to  what  extent  these  local  fteH 
may  be  more  or  less  general.  To  begin  with  England.  Lowksi 
valleys,  oflen  very  considerably  broader  than  those  before  notioA 
and  therefore  more  favourable  to  the  supposition  of  a  moving  lOSM 
of  water,  occur  very  generally ;  for  the  surface  composed  of  !(>•• 
land  valleys  is  very  considerably  greater  than  that  exhibitof 
mountain  valleys,  though  both  have  been  modified  by  rivers  aw 
other  agents  now  in  operation.  Over  these  valleys,  foreign  ms**  j 
ter,  not  detritus  derived  from  the  weathering  of  the  rocks  benestK  \ 
is  variously  distributed.     It  may  sometimes  be  possible)  fnlik    ^ 
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B  aid  of  ingenuity,  to  produce  a  case  of  transport  by  a  long 
ntiniiance  of  sucn  natural  effects  as  are  now  seen,  but  in  otber 
uations  such  explanations  seem  altogether  valueless  and  unphi- 
Niphical.  In  like  manner  also  faults  covered  only  by  gravel  are 
mmon,  the  lines  of  faults  being  frequently  lines  of  valley.  I 
lold  by  no  means  infer  that  all  faults,  only  covered  by  travel, 
re  been  contemporaneous ;  on  the  contrary,  it  seems  only  rea- 
lable  to  conclude,  that  faults  or  fractures  have  accompanied 
eiy  great  convulsion,  and  that  as  these  have  been  frequent,  so 
dts  may  also  have  been  frequent. 

Not  only  are  gravels  brought  from  various  distances,  but  even 
ge  blocks,  the  transport  of  which  by  actual  causes  into  their 
ewnt  situations  seems  physically  impossible.  Mr.  Conybeare 
f  ^remarked  on  the  great  accumulation  of  transported  gravel  in 
iffland  £ngland,  more  particularly  at  the  foot  of  the  inferior 
lite  escarpments  on  the  borders  of  Gloucestershire,  Northamp- 
Mhire,  and  Warwickshire,  and  observes  that  it  is  composed 
such  various  materials  that  a  nearly  complete  suite  of  £nglish 
Illogical  specimens  may  there  be  obtained.  "Portions  of  the 
ne  gravel  have  been  swept  onwards  through  transverse  valleys 
brdmg  openings  across  the  chains  of  the  oolite  and  chalk  hills, 
far  as  the  plains  surrounding  the  metropolis ;  but  the  principal 
iss  of  diluvial  gravel  in  this  latter  quarter  is  derived  from  the 
rtial  destruction  of  the  neighbouring  chalk  hills,  consisting  of 
its  washed  out  from  thence,  and  subsequently  rounded  by  attri- 
Q *."  Mr.  Conybeare  also  notices  the  occurrence  of  ereat  blocks 
lOng  the  transported  rocks  of  Bagley  Wood,  Oxfordshire,  as  also 
\  presence  of  flints  on  the  summits  of  the  Bath  Downs.  Prof, 
cuand  mentions  that  he  found,  among  the  transported  gravel 
Durham,  twenty  varieties  of  slate  and  greenstone,  which  do  not 
nr,  in  place,  nearer  than  the  lake  district  of  Cumberland.  He 
o  notices  a  large  block  of  granite  at  Darlington,  composed  of  the 
ne  granite  as  that  of  Shap,  near  Penrith.  Blocks  of  the  same 
mite  occur  in  the  valley  of  Stokesley,  and  in  the  bed  of  the 
es,  near  Bernard  Castle.  Similar  blocks  are  also  found  on  the 
▼Bted  plain  of  Sedgefleld,  near  Durham.  In  many  of  these 
les  blocKs  are  mixed  with  rolled  pieces  of  various  kinds  of  green- 
ne  and  porphyry,  probably  derived  from  Cumberland  f. 
Prof.  Sedgwick  notices  large  transported  boulders  on  parts  of  the 
iibyshire  chain,  which  overhang  the  great  plain  of  Cheshire. 
i  also  remarks  on  the  boulders  accompanying  the  transported 
britus  at  the  base  of  the  Cumberland  mountains  from  Stainmoor 
Soiway  Firth,  the  plain  bordering  the  hilly  region  on  the  north 

*  Conybeare  and  Phillips,  Outlines  of  the  Geology  of  England  and 
lies. 

t  BttcUand,  Reliquitt  Diluviaos. 
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preflenting  boulders  and  pebbles  that  have  been  transporte 
the  Firdi  firom  Dumfriesshire.  In  the  transported  rubbish 
a  hill  uear  Hayton  Castle,  about  four  miles  N.£.  of  M 
there  are  large  granitic  boulders  resembling  the  rocks  of  th( 
'^  Among  them  was  one  spheroidal  mass,  the  greatest  diai 
which  was  ten  feet  and  a  half,  and  the  part  which  appears 
the  ground  was  more  than  four  feet  hign."  From  St.  Be* 
to  the  southern  extremity  of  Cumberland,  the  coast  regie 
veredby  transported  detritus,  among  which  are  boulders  of 
porphyry,  and  greenstone,  some  of  large  size.  In  low 
similar  phamomena  are  observable.  Prof.  Sedgwick  fui 
marks,  that  large  blocks  derived  from  the  green-slate  dis 
found  on  the  granitic  hills  between  Bootle  and  Eskdale.  '. 
of  large  blocks  are  scattered  over  the  hills  on  the  N.  W.  b* 
of  the  mountainous  region.  The  syenitic  blocks  of  Can 
can  be  traced  "through  the  valleys  and  over  the  hills  of 
r^on,  to  the  very  foot  of  the  parent  rock."  Numerous  1 
of  the  Carrock  syenite  rest  on  the  side  of  High  Pike ;  the 
termed  "The  Golden  Rock,"  being  twenty-one  feet  long, 
high,  and  nine  feet  wide.  Rolled  masses  of  St.  John's  V 
'^hyry  abound  near  Penruddock,  and  descend  the  valleys 
into  die  Eamont.  Rounded  boulders  of  Shap  granite  are  n\ 
on  the  calcareous  hills  south  of  Appleby ;  some  being  twc 
in  diameter.  Rounded  blocks,  apparently  derived  from  th< 
slate  at  the  head  of  Kentmere  and  Long  Sleddale,  are  founi 
flat-topped  calcareous  hills  W.  of  Kendal.  Prof.  Sedgwick  1 
that  the  blocks  of  Shap  granite,  which  cannot  be  confound 
other  rocks  in  the  North  of  England,  are  not  only  drifted  c 
hills  near  Appleby,  but  have  been  scattered  over  the  plaii 
new  red  sandstone ;  rolled  over  the  great  central  chain  of  I 
into  the  plains  of  Yorkshire ;  imbedded  in  the  transported 
of  the  Tees ;  and  even  carried  to  the  eastern  coast*. 

By  comparing  these  statements  with  the  little  district  \ 
tieed,  we  nnd  that  the  evidences  of  a  transporting  power  b 
are  far  greater  in  midland  and  northern  England  than  in 
and  Dorset,  the  gravel  having  been  carried  far  greater  dii 
and  huge  Uocks  added  to  the  transported  mass.  How  fi 
gravels  may  be  contemporaneous  can  only  be  determinec 
ture  and  exact  observation.  We  shall,  therefore,  merely 
ourselves  to  a  detail  of  facts,  which  must  be  taken  into  ace 
all  generalizations  on  this  subject.  Between  the  Thames 
Tweed)  pebbles  and  even  blocks  of  rock  are  discovered,  oi 
mineralogical  character,  that  they  are  considered  as  derive 
Norway,  where  similar  rocks  are  known  to  exist.  Mr.  Phillipi 
that  the  accumulation,  at  present  termed  dUuviunif  in  Hole 

*  Sedgwick,  Ann.  of  Phil.  1825. 
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Mit  of  Yorkshire,  is  composed  of  a  base  of  day,'  eontaiiH 
Dents  of  pre-existent  rocks,  varying  in  roundness  and  siae.  ^^ 

eb  from  which  the  fragments  appear  to  have  been  trans- 
e  found,  some  in  Norway,  in  the  Highlands  of  Scodandj 
i  mountains  of  Cumberland ;  others,  in  the  north-western 
m  parts  of  Yoikshire ;  and  no  inconsiderable  portion  ap- 
lave  come  from  the  sea-coast  of  Durham,  and  the  neigh* 
d  Whitby.  In  proportion  to  the  distance  which  they 
elled,  is  the  degree  of  roundness  which  they  have  ac* 

I  of  gravel  and  sand  are  stated  to  occur  in  the  great  mass 
metimes  amounting  to  considerable  accumulations.  In 
se,  at  Brandesburton,  the  remains  of  the  fossil  elephant 
cted. 

ing  England,  we  proceed  northwards  to  Scotland,  there 
ices  of  a  similar  force  having  acted  in  that  country;  and 
Hall  even  considers  that  a  rush  over  the  land  haa  left 
ts  course  in  the  shape  of  furrows,  which  the  transported 
ibstances,  moving  with  great  velocity,  have  cut  m  the 
beneath.  From  the  direction  of  these  marks  Sir  James 
9  that  the  current  had  a  western  course  in  the  vicinity  of 
I  f .  Continuing  our  course  still  northwards,  the  evidence 
x>rt  continues ;  for  Dr.  Hibbert  found  fragments  of  rocks 
tour,  Shetland  Isles,  which  must  have  travelled  twelve 
I  Hillswick  Ness,  the  latter  bearing  from  the  former,  N. 
He  also  remarks  on  the  large  blocks  near  the  mansion 
on  the  east  of  Shetland,  named  the  stones  of  Stefis, 
»ear  to  have  been  removed  a  mile  or  more  by  a  shodc 
^.£.  The  same  author  mentions  many  other  interests 
istances :  among  others,  that  at  Soulam  Voe,  open  to  the 
Ocean,  there  are  boulders  about  three  or  four  feet  high, 
lot  correspond  with  any  known  rock  in  the  country,  and 
ibly  derived  from  the  northward  X.  It  is  also  pr(A)able, 
It's  notice,  cited  by  Dr.  Hibbert,  that  similar  jmenonena 
able  in  the  Feroe  Islands. 

bability  therefore,  as  fsir  as  the  above  facts  seem  to  war- 
tiat  a  body  of  water  has  proceeded  from  north  to  south 
British  Isles,  moving  with  sufficient  velocitv  to  tran»-' 
ents  of  rock  from  Norway  to  the  Shethmd  Isles  and  the 
1st  of  England ;  the  course  of  such  body  of  water  hav- 
nodified  and  obstructed  among  the  valleys,  hills,  and 
which  it  encountered ;  so  that  various  minor  and  low 

Phillips,  Illustrations  of  the  Geology  of  Yorkshire. 
IG^  James  Hall,  Trans.  Royal  Soc.  Edinburgh. 
Hibbert,  Edin.  Journal  of  Science,,  vd.  vii. 
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currents  having  been  produced,  the  distribution  of  deti 
been  in  various  directions. 

If  the  supposition  of  a  mass  of  waters  having  passed  < 
tain  be  founded  on  probability,  the  evidences  of  such  a  pi 
passages  should  be  found  in  the  neighbouring  continent  of 
and  the  general  direction  of  the  transported  substances  a 
the  same.  Now  this  is  precisely  what  we  do  find.  In 
and  Russia  large  blocks  of  rock  occur  in  great  numbers, 
doubt  can  be  entertained  that  they  have  been  transporte 
ward  from  the  north.  In  Sweden,  the  transported  mater 
observed  by  M.  Brongniart  to  run  in  lines,  sometimes  inost 
but  having  a  general  direction  north  and  south  *.  Similar 
tions  had  been  previously  (18 19)  made  by  Count  Rasoum 
the  transported  blocks  of  Russia  and  Germany,  which,  hav 
unknown  to  M.  Brongniart,  render  his  account  of  the 
blocks  the  more  valuable.  Count  Rasoumovski  observ< 
where  many  blocks  are  accumulated  they  form  parallel  lir 
a  direction  from  N.E.  to  S.W.  He  states  that  the  errati 
are  very  numerous,  and  composed  of  Scandinavian  rocks 
St.  Petersburgh  and  Moscow;  and  remarks,  that  in  some  pi 
pecially  in  Esthonia,  the  blocks  appear  and  disappear  at  gi 
less  intervals,  apparently  owing  to  the  form  of  the  land  at 
of  their  transport ;  for  these  masses  are  discovered  where 
ments  presented  themselves,  while,  where  the  land  slope 
or  became  more  or  less  horizontal,  they  disappear ;  thus 
to  show  that  the  steep  escarpments  caught  them  in  their 
onwards.  Count  Rasoumovski  also  remarks  that  the  bloc 
abimdantly  on  the  heights,  and  but  rarely,  or  thinly  sc 
over  the  lowlands  f .     Proceeding  south,  the  course  of  thi 

*  Ann.  des  Sci.  Nat.  1828. 

t  Ihid.  t.  xviii. 

Prof.  Pusch  observes,  that  the  erratic  blocks  from  the  Dui 
Niemen  are  composed  of  granite  resembling  that  of  Wiborg  in  ] 
of  another  granite,  with  Labrador  felspar  from  Ingria ;  of  a  red  q 
sandstone  from  the  shores  of  Lake  Onega ;  and  of  a  transition  li 
from  Esthonia  and  Ingria.  In  Eastern  Prussia,  and  in  that  part  g 
rituated  between  the  Vistula  and  the  Niemen,  the  granitic  bl 
abundant:  three  varieties  of  granite  are  the  same  as  those  found 
land,  at  Abo  and  Holsinfors ;  another  coarse-grained  granite  ai 
nite  are  also  from  the  north.  The  hornblende  blocks  of  the  same  c 
are  from  southern  and  central  Finland;  the  quartzose  blocks 
actly  the  same  as  the  rocks  named  Fjall  Sandstein,  between  Swc 
Norway^  and  the  porphyry  blocks  are  of  the  same  mineralogical  c 
as  the  porphyries  of  Elfdalen  in  Sweden.  "  From  Warsaw  to  tl 
towards  Kalisch  and  Posen,  the  blocks  of  the  red  granite  of  Fin 
minlsb  in  number,  but  those  composed  of  hornblende  rocks  an 
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aeems  to  have  continued  in  that  direction  over  the  low  districts 
of  Gennany,  to  the  Netherlands,  depositing  huge  hlocks  in  their 
paange ;  these  blocks  proved  by  their  mineralogical  composition 
to  have  been  derived  from  rocks  known  to  exist  in  the  northern 

Such  a  movement  as  this  over  part  of  £urope  would,  if  the  sup- 
position of  a  mass  of  waters  were  correct,  be  observed  in  other 
Mrtfaem  regions,  for  the  waters  thrown  into  agitation  would  cause 
uvea  around  the  centre  of  disturbance.  In  America,  therefore,  we 
Aonld  expect  to  find  marks  of  such  a  deluge,  the  evidences  point- 
■ig  to  a  northern  origin*.  Now  in  the  northern  regions  of  that 
Bomitxy  we  do  find  marks  of  an  aqueous  torrent  bearing  blocks  and 
iA«r  detritus  before  it,  the  lines  of  their  transport  pointing  north- 
■wd,  according  to  Dr.  Bigsby,  and  reminding  us  of  the  same  ap- 
pearances observed  in  Sweden  and  Germany.  The  quantity  of 
tnmported  matter  covering  various  large  tracts  in  North  America 
nnos  quite  equal  to  that  scattered  over  Northern  Europe;  and  as 
diey  both  point  one  way,  we  can  scarcely  refuse  to  admit  that  the 
eomse  of  the  disturbance  or  disturbances  was  towards  the  north, 
the  undulations  of  the  waters  having  been  caused  by  some  violent 
agitation,  perhaps  beneath  the  sea  in  those  regions,  for  it  is  by  no 
nems  necessary  that  it  should  be  above  its  level. 

A  convulsion  or  convulsions  of  this  magnitude,  reasoning  from 
die-analogy  of  those  minor  agitations  which  we  term  earthquakes, 
WMild  be  felt  over  a  considerable  portion  of  the  globe,  and  the 
waters  over  a  large  surface  would  be  thrown  into  agitation.  A  part 
of  the  earth  would  be  greatly  disturbed,  and  we  should  expect  frac- 
tnes  and  faults  produced  in  strata  where  the  convulsion  was  most 
fi^  as  similar  minor  effects  are  produced  at  present  from  the  ex- 
ertion of  a  less  intense  force. 

Ice  would  seem  to  afford  a  possible  explanation  of  the  transport 
of  many  masses ;  for  the  glaciers  which  descend  the  valleys  of 
h^  ncorthem  regions  are,  like  those  of  the  Alps,  charged  with 
Uoeks  and  smaller  rock  fragments,  which  have  fallen  from  the 
hoghts.  Waters  rushin?  up  or  down  such  valleys  would  float  off  the 
daeien,  more  particmarly  as  northern  navigators  have  shown 
umt  they  project  into  the  sea.  It  is  considered  that  the  huge 
nuises  of  ice  known  as  icebergs,  are  the  projecting  portions  of 
Aete  boreal  glaciers,  which  having  been  detached  from  the  pa- 
rent mass,  are  borne  into  more  temperate  climes,  in  some  cases 
tRDsporting  blocks  and  smaller  fragments  of  rock.  This  debris 
viD,  as  Mr.  Lyell  has  observed,  be  deposited  at  the  bottom  of  the 


16  more  abundant,  as  is  also  the  case  with  those  of  porphyry.   Few 
Finland  rocks  are  in  general  there  found,  while  those  of  Sweden  are 
cnuDon."     Pusch,  Journal  de  G^ologie,  t.  ii.  p.  253. 
*  Journal  of  Science,  vol  xriiL 
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teas  over  which  they  pass ;  and  therefore,  if  such  bottoms  W( 
raised  so  as  to  become  dry  land,  blocks  might  be  discover 
scattered  over  various  levels  of  that  land,  presenting  appeaiam 
that  might  be  mistaken  for  the  action  of  diluvial  currentau 
the  present  continents  bore  evident  marks  of  long  subm^rgei 
beneath  an  ocean  immediately  previous  ta  their  present  appe 
ance,  and  if  the  blocks  were  merely  scattered  here  and  there,  tl 
explanation  would  by  no  means  be  without  its  weight:  but  ^h 
are  too  many  circumstances  tending  to  other  conclusions,  to  n 
der  it  probable.  The  supposition  of  masses  of  ice,  covered 
blocks  and  smaller  rock  fragments,  borne  southwards  with  t 
lence,  though  it  may  account  for  some  appearances,  does  ii 
it  must  be  confessed,  seem  applicable  to  all,  more  particulai 
where  blocks  can  be  traced  to  their  sources  at  comparatively  sm 
distances.  Supposing  a  wave,  or  waves,  discharged  over  Euro 
and  America  from  the  northwards,  many  phsenomena  would  c 
pend  on  the  time  of  year  at  which  the  catastrophe,  or  catasti 
phes,  took  place ;  for  if  in  the  winter,  waters  rushing  from  tl 
-quarter  would  transport  a  greater  quantity  of  ice,  and  many  i 
perficial  blocks  and  gravels,  bound  by  ice  together,  might  be  te 
up  and  carried  considerable  distances  from  the  possible  mn 
specific  gravity  of  the  mass;  for  even  in  the  case  <n  rivers,  itk 
been  found  that  large  masses  of  rocks  have  occasionally  be 
transported  from  places,  when  encased  in  ice  and  acted  on  by  t 
stream.  In  Sweden  and  Russia  it  is  more  than  probable  that  mai 
blocks  would  be  thus  encased  during  winter,  and  therefore  a  flo 
of  waters  passing  over  them  would  cause  them  to  rise,  to  §n 
and  to  be  borne  onwards,  until  the  ice  melting,  the  blocks  woo 
sink  and  be  finally  brought  to  rest. 

Upon  the  hypothesis  of  a  convulsion  in  the  North,  the  effix 
would  become  less  as  we  receded  from  the  centre  of  disturbanc 
and,  finally,  all  traces  of  them  would  be  lost 

We  now  arrive  at  another  question, — ^how  far  the  distribution 
blocks  from  the  Alps  may  have  been  contemporaneous  with  ti 
supposed  transport  of  erratic  fragments  from  Scandinavia?  1 
answer  this  question,  without  more  direct  information  than  i 
possess,  would  be  difficult ;  and  we  should  be  particularly  Cl 
tious  in  applying  preconceived  theories  before  we  have  the  recp 
site  data.  All  that  we  can  safely  remark  on  this  subject  seems 
be,  that  the  blocks  in  both  cases  appear  to  a  certain  extent  super 
cial  and  uncovered  by  deposits  which  would  afford  us  infomuilii 
respecting  their  difiference  of  age ;  and  that  it  is  possible  a  gre 
elevation  of  the  Alps,  and  distribution  of  blocks  on  both  sides 
the  chain,  may  have  been  contemporaneous,  or  nearly  so,  with 
convulsion  in  the  North. 

An  immense  quantity  of  debris  has,  at  a  comparatively  recei 
epoch,  been  driven  from  the  central  chain  of  the  Alps  outwardi 
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8eq[Deii6e,  according  to  M.  Elie  de  Beaumont,  of  a  great 
a  in  those  mountains,  extending  from  the  Valais  to  Austria. 
m  Bucb,  De  Luc,  Eschar,  and  Elie  de  Beaumont,  have  pre- 
18  with  a  detail  of  numerous  and  well  obsenred  facts,  which 

to  one  conclusion ;  namely,  that  the  great  vaUeys  existed 
iiy  to  the  catastrophe  which  tore  blocks  and  other  frag- 
rom  the  Alps,  and  scattered  them  on  either  side  of  the 

M.  Elie  de  Beaumont  observes*  that  the  valleys  of  the 
e,  of  the  Drac,  of  la  Romanche,  of  the  Arc,  and  of  the 
present  the  same  appearances  as  those  of  the  Arve,  th^ 
the  Aar,  the  Reuss,  the  Limmat,  the  Rhine,  and  the  val- 
ich  descend  into  the  plains  of  Bavaria,  noticed  by  different 
tts.    On  the  Italian  side  of  the  chain,  appearances  are  also 

and  no  doubt  can  exist  that  the  blocks  and  debris  have 
lown  the  respective  valleys,  where  they  have  left  unequi- 
arks  of  their  transit  M.  Elie  de  Beaumont  has  presented 
very  detailed  accounts  of  these  appearances  in  the  valleys 
hurance,  of  the  Drac,  and  others,  where  they  are  precisely 
»uld  have  been  expected  from  the  passage  of  a  rock-charged 

waters  down  the  respective  channels,  the  largest  mg- 
saving  been  transported  the  shortest  distances,  being  most 
,  whUe  the  smaller  and  most  rounded  have  been  carried 
best  Thus,  in  the  valley  of  the  Durance,  the  transported 
ses  become  more  angular  and  of  greater  volume,  as  we 

from  the  ffieat  mass  of  pebbles,  called  the  Crau,  to  the 
ins  beyond  Gap,  whence  the  debris,  judging  from  its 
ogical  characters,  have  very  clearly  been  derived.  Similar 
aena  will  be  observed  up  the  valley  of  the  Drac,  which 
s  by  another  course  to  the  neighbourhood  of  the  same 
ins,  the  two  streams  of  debris  not  mingling  until  they  join 
yrauf. 

I  my  own  observations,  I  can  fully  confirm  the  remarks  of 
autiiors  respecting  the  situations  of  the  Alpine  blocks,  and 
obable  derivation  from  tiie  respective  valleys,  which  they, 
re,  appear  to  face.     But  I  have  nowhere  observed  such 

masses  of  erratic  blocks  as  those  which  occur  in  the  vici- 
the  lakes  of  Como  and  Lecco.  They  are  particularly  re- 
le  on  the  northern  face  of  the  Monte  San  rrimo,  a  lofty 
in  ridge  presenting  one  of  its  sides  to  the  more  open  and 
a  part  of  the  lake  of  Como,  where  the  latter  stretches 
<  the  high  Alps;  thus  presenting  a  bold  front  to  any 
rhich  should  come  from  the  north,  leaving  open  passages 
Ight  and  left  of  it,  one  down  the  southern  part  of  the  lake 

sherches  sur  las  R6v.  de  la  Surface  du  Olobe;  Ann.  des  Sci.  Nat., 

1830. 

B  de  Beaumont,  Recherches  sur  les  R4v.  du  Globe. 
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of  Como,  the  other  down  that  of  Lecco.  Not  only  in  front,  fiidiw 
the  high  Alps,  hut  also  round  the  flanks  and  shoulders  of  thii 
mountain,  and  even  behind  it,  where  the  eddy-current  would  bcvt 
transported  them,  blocks  of  granite,  gneiss,  mica-slate,  and  othen 
from  the  central  chain,  of  various  sizes,  and  often  accompanied 
by  smaller  fragments  and  gravel,  are  seen  in  hundreds,  nay  thoa- 
sands,  scattered  over  the  dolomite,  limestone,  and  slate  of  the 
mountain,  and  nearly  filling  up  a  previously  existing  vallev  which 
faced  the  north,  the  direction  whence  the  rock-charged  fluid  de- 
scended.   Proceeding  down  the  side  valleys,  partly  occupied  W 
the  lower  lake  of  Como,  and  the  lake  of  Lecco,  we  find  tlie  evi- 
dences of  such  a  current  in  the  presence  of  blocks  occurring,  as 
they  should  do,  where  direct  obstacles  were  opposed  to  it^  coune, 
or  in  situations  where  eddies  would  be  produced  behind  the 
shoulders  of  the  mountains.     One  very  remarkable  instance  cf 
such  occurrence  is  behind,  or  on  the  southern  side  of,  the  MoDte 
San  Maiurizio,  above  the  town  of  Como ;  where  numerous  blocki 
are  accumulated  on  the  steep  flank  of  the  mountain,  precisd^ 
where  a  body  of  water,  rushing  down  the  great  valley,  would  too- 
duce  an  eddy  at  its  discharge  into  the  open  plains  of  Italy  *.   The 
blocks,  though  no  doubt  many  have  descended  from  their  first  po- 
sitions in  consequence  of  the  long-continued  action  of  atmosphoifi 
agents,  occupy  an  elevated  line,  as  also  on  other  but  lower  heighti 
in  the  vicinity^,  which  opposed  more  direct  obstacles  to  the  debadie: 
seeming  to  snow  that  tne  blocks  occurred  near  the  surface  of  the 
fluid  mass,  and  were  whirled  by  the  eddy,  at  nearly  the  same 
level,  against  the  steep  sides  of  this  calcareous  mountain,  as  wdl 
as  thrown  against  the  more  direct  obstacle  of  a  range  of  conglo- 
merate hills. 

The  following  is  a  section  of  the  Monte  San  Primo,  exhibitiiig 
the  manner  in  which  the  erratic  blocks  rest  on  its  sur&ce. 


Fig.  27. 


d^l 


P,  Monte  San  Primo :  B,  bluff*  point  of  Bellaggio  rising  oat  of 
the  lake  of  Como  C :  a  a  a  a,  blocks  of  granite,  gneiss,  &c.,  8ca^ 
tered  over  the  surface  of  the  limestone  rocks  /  /  /  /,  and  the  dolo- 
mite ddd,  V,  the  Commune  di  Villa,  where  a  previously  exist- 
ing depression  or  valley  is  nearly  filled  with  transported  matten 

*  For  illustrations  of  these  appearances,  see  Sections  and  Views  iUnt- 
trative  of  Geological  Phsnomena,  plates  31, 32. 
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Jib  Alpi  di  PraTolta,  on  the  northern  aide  of  whicli  ia  the  large 
lilc  Uock  figured  beneath,  remarkable  not  bo  much  for  its  uxe 
or  iti  angular  character. 


...  .ic  blocks  of  the  Alpe  in  groupa  h«» 

I  puticulartj  remarked  by  M.  de  Luc  (nephev),  who  hoi 

carefully  examined  thein  round  the  lake  of  Geneva  and 
hbouring  country  ■.  The  levels  which  the  blocks  keep  on  the 

and  other  places  have  been  often  observed  by  various  authors. 
I  a  common  mode  of  occurrence  must,  we  should  suppoee, 
'  some  common  cause,  and  can  scarcely  be  accidentaL 
ilutions  of  the  problem  of  erratic  blocks  seem  not  very  prac- 
le  at  present,  and  our  attempts  at  general  explanations  can 
ituidered  little  else  tlian  conjectures  that  may  appear  more  or 
probable.  The  student,  therefore,  should  be  careful  not  to 
ider  such  explanations  as  well  ascertained  truths,  but  merely 
ipotheieg,  which  future  and  extensive  obaerratioui  maj,  or 
not,  prove  to  be  correct. 

has  been  above  remarked,  that  the  Alpine  erratic  blocks  ire- 
tly  occur  in  groups.  To  present  a  general  eEplanation  of 
ihsnomenon  would,  at  present,  he  somewhat  difBcult;  but  it 
be  a^ed,  as  amereconjecture,  whether  masses  of  floatingice 
;ed  with  blocks  and  other  detritus,  rushing  down  the  great 
ys  into  the  more  open  countiy  of  lower  Switzerland,  might 
■«  whirled  about  by  the  eddies,  and  the  icy  masses  be  destray- 
t  eoUidon  against  each  other,  so  that  groups  of  blocks  would 
raids  be  found  beneath  the  places  where  the  whirlpools  had 
sd.  Ms«Bes  of  ice,  charged  with  blocks  and  pent  up  for  the 
ent  within  such  basins  as  might  be  formed  between  the  AIpi 
Tora,  might  also  be  carried  at  certain  levels  against  the  sides 
t  opposing  mountains,  such  as  the  Jura,  and  be  there  depo- 
in  groups  and  in  lines  of  level. 

ch  passages  of  bodies  of  water  over  land,  as  have  been  above 
ed,  whether  contemporaneous  or  not,  could  scarcely  have 
I  to  destroy  the  larger  portion  of  the  animals  previously  ex- 
{  on  that  land.    At  the  time  whett  the  remains  of  extioct 

Inc,  iLiia.  de  la  Soc  ds  Pbvs.  et  d'HisL  Not  de  Qenive,  voL  UL 
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elephants,  mastodons,  and  rhinoceroses,  were  considered  to  dhir 
arcterizeone  set  of  gravels  or  transported  matteryitwas  natunltt 
conclude  that  all  such  dehris  were  contemporaneous:  but  as  tiieie 
animals  are  now  found  to  have  existed  earlier,  if  not  also  later, 
than  was  imagined,  this  supposed  guide  has  failed  us;  and  we  gain 
no  very  definite  ideas  relative  to  the  age  of  the  transported  matter 
in  which  they  may  occur,  further  than  that  they  probably  oomi 
within  a  certain  range  of  the  more  recent  geologicfd  deposits. 

The  following  is  a  list  of  those  animals  which  are  generally  coa* 
sidered  as  found  in  deposits  referable  to  the  passage  or  passi^ 
of  waters  over  the  land,  and  which,  whether  exactly  contemponr 
neous  or  not,  are  found  in  superficial  gravels,  sands,  and  clays*. 

1.  Elephas  primigenius,  Blumenbach.  Scattered  over  various  parts  cf 
Europe.  Very  cominon  in  the  northern  parts  of  Asia,  where  tfat 
ivory  of  the  fossil  tusk,  or  defence,  is  so  far  uninjured  as  to  bt 
used  for  ornamental  purposes.  Found  also  on  the  northern  cottf 
of  the  American  continent.  United  States  of  North  AmericL 
Mexico,  Quito,  Humboldt,  (Highest  transported  gravel  near 
Lyons.  Beaum.) 

1.  Mastodon  maximus,  Ctct;.     North  America.    Various  anthors't*. 

2.  ■  angustidens,  Cuv,    Simorre ;  Italy ;  France,  Ct».    Dim- 

stadt,  Sommering,    Austria,  Stutz.    Peru ;  Columbia,  HtmhML 

3.  AndiumyCttt;.  Cordilleras;  SantaF6de  Bogota.  HwMUL 

4.  — Humboldtii,  Cuv.     South  America.  Humboldt. 

5.  — — —  minutus,  Cuv.     Europe,  JL  Brong. 

6.  ■  tapiroideSjCuv.     Europe,  Al.  Brong, 

1.  Hippopotamus  major,  Cuv,    Walton  in  Essex;  Oxford;  BrentM. 

BuckL     Bavaria,  Holl,     Italy;  France,  Cuv, 

2.  — — — — ^—  minutus,  Cuv,     Landes  of  Bourdeaux.  Cuv, 

1.  Rhinoceros  tichorhinus,  Cuv.    Very  common  in  Europe. 

2.  —————  ]eptorhinus,  Cuv.     Common  in  Europe. 

8.  indsivus,  Cuv.     Germany ;  Appelsheim.  JL  Brong* 

*  The  student  should  be  careful,  if  he  be  so  fortunate  as  to  db- 
eover  any  of  these  remains,  to  remark,  whether  they  occur  in  detrtai 
evidently  moved  from  a  distance,  or  in  that  great  mass  of  weathorf 
fragments  which  often  covers  hills  and  valleys,  and  which  seems 
pally  due  to  the  action  of  the  atmosphere  upon  them. 

f  The  relative  age  of  the  deposit,  in  whicl^  the  remains  of  the 
todon  maximus  are  found,  cannot  be  considered  as  very  satis&ctoiily 
ascertsdned.  Some  geologists,  indeed,  suspect  that  these  animals  have  ^ 
appeared  more  recently  than  is  commonly  supposed.  Among  some  of  thcie 
remains  discovered  at  Withe,  Virginia,  there  was  found  a  mass  of  smaD 
branches  and  leaves,  among  which  it  was  considered  that  there  wai  • 
species  of  reed  still  conmion  in  Virginia.  The  whole  appeared  envelope^ 
in  a  kind  of  sack,  considered  to  be  the  stomach  of  the  animal.  (Om^i 
Oss.  Foss.  1. 1.  p.  219.)  It  is  very  desirable  that,  in  this  state  of  wMtf- 
tainty,  some  American  geologist  would  thoroughly  examine  the  district 
im  which  these  remains  are  principally  discovered. 
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i  EbinooenM  miiratiif,  Cuv.    Moissac.  AL  Brong,     Magdeburg.  HolL 
Elasmotherium.     Siberia,  Fischer, 

Tapinis  giganteus,  Cuv,     Allan;  Vienne  in  Dauphin^;  Chevilly; 
and  other  parts  of  France.  Cuv,      Furtb,  Bavaria;  Feldsberg, 
Austria.  HoU, 
Cervus  giganteus,  Blum,     Ireland;   Silesia;   Banks  of  the  Rhine; 

Sevran,  near  Paris. 
Cervus.  Several  different  species,  common  in  various  parts  of  Europe. 
L  Bos  bombifrons,  Harlan,     Big  Bone  Lick,  Kentucky. 
1 —  Urns.    Eschscholtz  Bay,  North  America,  Buckl, 
Bos.  Remains  o^  common. 

Auroch  (fossil),  Cw.     Siberia,  Germany,  Italy,  &c. 
TrogontherioB  Cuvieri,  Fischer.    Sea  coast  near  Taganrock,  Sea  of 

Azof^  Fischer, 
Megalonix  laqueatus,  Harlan,  Big  Bone  Lick,  Kentucky,  Harlan*. 
M^otherium,  Cuv,    Buenos  Ayres;  Lima. 
Hysena  (fiwsil),  Cuv,  Lawford,  near  Rugby ;  Herzberg  and  Osterode ; 

Canstadt,  near  Stutgart;  Eichstadt,  in  Bavaria,  BuckL 
Ursus.     Krems-  Miinster,  Higher  Austria,  Buckl, 
Equus.     Common   in  many  places  in  Europe.      Big  Bone    Lick, 
Kentucky.     Eschscholtz  Bay. 

We  cannot  quit  the  subject  of  the  large  mammalia  entombed 
h  BBperficial  travel,  sands  and  clays,  without  adverting  to  the 
elephant  found  encased  in  ice  near  the  embouchure  of  the  river 
Lena  in  Siberia.  It  had  been  preserved  entire,  having  undergone 
no  decomposition  since  death;  on  the  contrary,  when  detached 
from  the  ice,  it  afforded  food  to  various  animals,  and  parts  of  its 
ikin  and  hair  were  collected,  and  are  now  preserved  with  its 
ikeleton  in  the  Museum  at  St  Petersburgh.  Mr.  Adams,  to  whom 
the  scientific  public  are  indebted  for  the  preservation  of  what  re- 
mained of  the  animal,  and  for  the  account  of  its  original  discovery, 
relates  that  Schumachofi  a  Tungusian  chief  and  owner  of  the 
peninsula  of  Tamset,  where  the  elephant  was  discovered,  first  ob- 
lenred  a  shoeless  mass  among  the  ice  in  1799;  but  it  was  not 
until  1804  that  this  mass  fell  on  the  sand,  and  disclosed  the  ice- 
pNserved  elephant,  whose  tusks  were  cut  off  and  sold  by  the  Tun- 
pnian  chie£  Two  years  afterwards  Mr.  Adams  visited  the  spot^ 
utd  collected  the  remains  as  above  stated.  According  to  this 
Aienrer,  the  escarpment  of  ice  in  which  the  elephant  had  been 
■csenred,  extendea  two  miles,  and  rose  perpendicularly  about 
200  or  250  feet.     On  this  ice,  which  is  described  as  pure  and 

*  Dr.  Harlan  describes  the  bones  of  the  same  species  as  having  been 
head  on  the  surface  of  White  Cave,  Kentucky.  With  these  were  re- 
vived bones  of  the  Bos,  Cervus,  and  Ursus,  as  also  the  metacarpal  bone 
if  the  hnman  species.  The  remains  of  the  Bear  alone  appeared  of  equal 
Btiqiiity  with  the  Megalonyx,  Harlan,  Jour.  Am.  Nat.  Soc.  183L  The 
reuains  of  MegaUmyx  JeffersonU  were  found  two  or  three  feet  beneath 
he  sorfisce  of  a  cavern,  in  Green  Briar  County,  Virginia. 
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clear,  there  was  a  layer  of  friable  earth  and  moss,  about  fourteen 
inches  thick*. 

M.  Cuvier  mentions  that  in  1805  M.  Tilesius  had  received,  and 
had  sent  to  M.  Blumenbach,  some  hair  torn  from  the  carcase  of  s 
mammoth,  or  elephant,  by  a  person  named  Patapof,  near  the  shores 
of  the  Icy  sea.  He  further  observes,  that  some  of  the  hair  and  skin 
of  this  individual  was  presented  to  the  Jardin  du  Roi  at  Paris,  by. 
M.  Targe,  who  had  received  it  from  his  nephew  at  Moscow  f. 

Pallas  mentions  the  discovery  (in  1770)  of  an  entire  rhinocerw 
with  its  skin  and  hair,  enveloped  in  sand  on  the  banks  of  die 
Wiluji,  which  falls  into  the  Lena  below  Jakoutsk.  The  animal  ii 
described  as  being  very  hairy,  particularly  on  the  feet  It  was  an 
individual  of  the  Rhinoceros  tichorintis,  Cuvier^. 

Considerable  light  has  recently  been  thrown  on  the  remains  of 
the  elephant  and  rhinoceros  of  Northern  Asia,  by  the  observations 
made  at  Eschscholtz  Bay,  within  the  Arctic  Circle,  North  Ame- 
rica, during  the  expedition  of  Captain  Beechey  to  those  regions. 
These  observations  have  been  arranged  and  commented  on  by 
Prof.  Buckland§;  and  it  now  appears  that,  instead  of  the  remains 
of  elephants  being  found  in  the  ice  at  this  place,  as  was  confl- 
dered  to  be  the  case  during  the  expedition  of  Kotzebue,  they  no 
enveloped  in  frozen  mud  and  sand,  emitting  a  strong  odoarof 
burnt  bones  ||.  The  remains  thus  entombed  were  referable  to  the 
elephant,  Bos  Urus,  deer,  and  horse,  with  the  cervical  vertebra  of 
an  animal  not  known.  Prof.  Buckland  supposes  that  the  frozen 
elephant  of  Siberia,  above  noticed,  was  also  encased  in  frozen  mwl, 
the  front  of  the  mud  or  sand  cliff  being  only  a  facing  of  ice,  ai 
was  found  to  be  the  case  in  Eschscholtz  Bay;  and  this  supposition 
is  rendered  the  more  probable  as  we  know  that  the  rhinoceros  of 
the  Wiluji  was  thus  enveloped. 

The  causes,  whatever  they  were,  which  destroyed  the  elephant 
at  the  mouth  of  the  Lena,  have,  as  Prof.  Buckland  observes,  been 
common  to  all  the  shores  of  the  two  continents  within  the  Arctie 
Circle ;  and  this  is  further  proved  by  the  researches  of  M.  Heden- 
Strom,  who  visited  the  shores  of  the  Icy  Sea,  under  the  direction 
of  the  Russian  Government,  between  the  Lena  and  the  Coljrma* 

*  From  the  account  of  the  elephant  found  in  the  ice  of  Siberia,  LflB- 
don  1819 ; — taken  from  the  Mem.  of  the  Imp.  Acad,  of  Sciences  of  St 
Petersburg!!,  vol.  v. 

f  Cuvier,  Oss.  Fossiles,  t.  i.  6d.  1 822.  X  ^^id.  t  ii. 

§  Appendix  to  Beechey's  Voyage  to  the  Pacific  and  Behring's  Straiti. 

II  Mr.  Brayley,  commenting  on  the  evidence  adduced  of  this  odooff 
observes  that  many  circumstances  render  it  more  probable  that  it  should 
always  arise,  in  the  places  noticed,  from  the  decomposition  of  anhnd 
matter,  than  from  any  other  cause,  though  Prof.  Buckland  was  indiiie' 
to  consider  the  odour  produced  by  other  circumstances.  Phil.  Mag.  and 
Annals,  voL  ix.  p.  411. 
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who  states  tHat  there  are  hundreds  of  elephants,  rhinoceroses,  oxen, 
and  other  animals,  in  the  ice  or  frozen  ground  of  those  regions*. 

It  seems  prohahle,  therefore,  that  there  has  heen  a  great  change 
of  climate  on  the  northern  coasts  of  Asia  and  America  since  these 
animals  existed  there;  for,  with  every  allowance  for  the  adaptation 
of  the  particular  species  of  elephant,  so  commonly  found  fossil,  to 
much  colder  climates  than  the  existing  species  now  inhabit,  (and 
that  they  were  so  adapted  seems  exceedingly  probable,  from  the 
looUv  hair  discovered  on  the  individual  encased  in  ice  at  the 
noutn  of  the  Lena,)  we  must  grant  them  something  to  live  upon, 
i»d  fitted  to  their  powers  of  mastication  and  digestion;  and  this 
they  could  scarcely  find,  if  the  climates  were  such  as  they  now 
tie,  permitting  only  the  existence  of  a  comparatively  miserable 
vegetation,  and  that  only  during  part  of  the  yearf. 

Ossiferous  Caverns,  and  Osseous  Breccia, 

It  is  to  Prof.  Buckland  that  we  are  indebted  for  our  more  inti- 
Bite  acquaintance  with  the  various  circumstances  under  which 
siganic  remains  are  found  in  caverns;  for  though  bones  of  bears 
mother  animals,  occurring  in  caves,  had  long  attracted  attention, 
acre  particularly  in  Germany,  it  was  not  untu  after  the  discovery 
of  die  celebrated  Kirkdale  cavern  in  Yorkshire,  that  the  subject 
toquired  a  new  interest,  and  became  as  much  a  part  of  general 
ceological  investigation,  as  the  fossil  contents  of  any  well  esta- 
blished rock  had  previously  been.  It  is  gratifying  to  observe,  that 
e?en  those  who  are  opposed  to  the  theoretical  conclusions  that 
have  been  deduced  from  cavern  bones,  are  still  willing  to  pay  their 
tribute  of  praise  to  the  zeal  and  activity  with  which  Prof.  Buck- 
land  conducted  his  researches. 

Ph>f.  Buckland  pointed  out  that  the  general  arrangements  in 
civems,  are:  1.  The  original  sides  of  the  cave,  which  mayor 
aay  not  be  covered  with  stalagmite.  2.  A  deposition  of  animal 
remains,  mixed  with  mud,  silt,  rolled  stones,  or  broken  fragments; 
aany  drcumstances  sometimes  attending  this  deposition  seeming  to 
litest  the  long-continued  residence  of  certain  animals  in  caverns 
lor  successive  generations :  some,  the  hyaenas  for  instance,  having 
diere  dragged  their  prey,  often  consisting  of  parts  of  the  elephant 
i&d  rhinoceros.    3.  The  deposition  of  stalagmite  covering  up  the 

*  Journal  de  G^ologie,  torn.  ii.  p.  315. 

f  The  tigers,  apparently  in  every  respect  the  same  with  those  of 
Bei^a],  which  are  now  ascertained  to  roam  into  Siberia,  up  to  the  pa- 
nnds  of  Berlin  and  Hamburg,  by  no  means  render  it  more  probable 
Aat  elephants  once  existed  in  climates  similar  to  that  of  the  present 
Aretic  Circle ;  for,  the  former  subsisting  on  flesh  and  the  latter  on  vege- 
tables, it  is  obvious  that  the  tigers  could  live,  as  far  as  respects  food, 
iirther  north  than  the  elephants. 
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animal  remains,  the  mud,  silt,  &c.,  with  a  greater  or  less  depth 
of  carbonate  of  lime ;  so  that  to  all  appearance,  in  a  newly  dis- 
covered cavern,  the  bottom  is  a  mere  mass  of  stalae;mite,  beneath 
which  the  organic  riches  would  for  ever  remain  unknown,  nnleai 
the  concekling  crust  should  be  fractured  by  accident,  or  broken 
through  by  the  geologist,  now  aware  that  animal  remains  may  be 
found  beneath  it. 

Since  the  discovery  and  description  of  Kirkdale  cavern,  notieei 
of  other  ossiferous  caves  have  become  so  numerous  that  a  mere  lisl: 
of  them  would  be  somewhat  long ;  and  they  multiply  so  fast,  thit 
we  may  anticipate,  at  no  distant  period,  a  very  singular  body  tf 
evidence  on  this  subject  alone.  Already  has  the  spirit  of  inqidiy 
produced  singular  results  in  the  South  of  France,  where  the  remains 
of  man  are  stated  to  have  been  discovered  in  the  same  mass  and 
in  the  same  caves  with  those  of  the  extinct  rhinoceros  and  other 
animals  usually  found  in  caverns. 

The  remains  of  animals,  similar  to  those  contained  in  caverns, 
are  frequently  found  in  fissures  of  the  rock ;  in  some  situations, 
the  whole  mass  of  bones,  fragments  of  rock,  and  cementing  matter 
being  so  hard  and  compact,  that  it  frequently  equals,  and  some- 
times exceeds,  in  durability,  the  rock  within  which  it  is  inclosed. 
Of  this  the  osseous  breccias  of  Nice  and  many  other  places  in  the 
Mediterranean  are  examples. 

It  becomes  daily  more  necessary  to  ascertain,  as  far  as  maybe, 
the  relative  ages  of  these  various  accumulations  of  animal  remains, 
investigating  the  subject  with  proper  attention,  and  as  much  as 
possible  without  preconceived  theory.  It  also  becomes  important 
to  examine  with  attention,  in  those  cases  where  the  mouths  cf 
ossiferous  caverns  are  covered  up  with  detritus,  whether  such  de* 
tritus  be  composed  of  angular  fragments  of  the  rock  in  the  vicinity, 
which  might  have  been  gradually  accumulated  over  the  extemsl 
aperture  during  the  long  lapse  of  ages,  by  causes  and  eflfeds 
similar  to  those  in  daily  operation ;  or  whether  it  is  composed  of 
transported  fragments  more  or  less  rounded,  and  which  nmit 
have  travelled  from  a  distance :  in  the  latter  case,  endeavouring 
to  ascertain  whether  such  transported  matter  could  have  been 
carried  to  its  present  situation  by  actual  causes,  or  whether  we 
must  seek  a  greater  intensity  of  force  to  account  for  its  presenee, 
physical  obstacles  opposing  its  carriage  by  any  other  means.  IJf 
angular  fragments,  derived  from  the  immediate  vicinity,  alone 
cover  the  cavern's  mouth,  we  have  no  certainty  when  it  was  finallf 
closed;  and  therefore,  even  supposing  that  one  set  of  aninuui 
may  have  been  overwhelmed  by  a  rush  of  waters  into  the  cavon, 
there  is  nothing  to  prevent  another  race  of  animals  from  frequent* 
ing  the  same  place,  whose  bones  might  become,  to  a  certain 
degree,  mixed  with  the  others,  and  entombed  beneath  fragmenli 
of  rock  and  stalagmite,  from  the  constant  change  operation  in 
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the  interior  of  caves.  Thus  the  hones  of  man,  and  his  early  rude 
manufactures,  such  as  unhaked  pottery,  may  become,  to  a  certain 
extent,  mingled,  in  amass  of  stalagroite  and  rock  fragments,  with 
the  remains  of  elephants,  rhinoceroses,  cavern  hears,  and  hyeenas ; 
and  the  whole  might,  aiter  the  cave  hecame  deserted,  and  the 
accumulation  at  the  mouth  considerable,  be  covered  with  a  crust 
of  stalagmite :  so  that  upon  the  discovery  of  such  a  cavern,  it 
might  be  described,  if  attention  had  not  been  paid  to  the  kind  of 
iebitus  which  blocked  up  the  mouth,  as  being  closed  externally, 
tad  open  to  a  certain  height  inside,  beneath  which  there  was  a 
«iuit  of  stalagmite,  covering  an  accumulation  of  rock  fragments 
and  bones,  among  which  those  of  man  were  foimd  mingled  with 
tlu»e  of  the  elephant  and  other  animals ;  and  it  might  hence 
be  concluded,  that  all  these  remains  were  of  contemporaneous 
origin,  and,  consequently,  that  man  existed  at  the  time  when 
the  elephants  roamed  the  forests,  and  hyaenas  and  bears  lurked 
la  the  caverns  of  Europe.  If  the  mouths  of  ossiferous  caverns 
be  closed  by  fragments  of  rock  transported  from  a  distance,  such 
tnmsport  being  clearly  not  due  to  the  operation  of  actual  causes, 
but  to  the  exertion  of  a  greater  intensity  of  force ;  and  if  we 
llien  find  l^e  remains  of  man  entombed  with  those  usually  con- 
tained in  caverns,  there  would  seem  little  reason  to  doubt, 
unless  other  communications  from  the  surface  could  be  traced, 
diat  man  was  a  contemporary  with  the  extinct  species  of  ele- 
phants, rhinoceroses,  hysenas,  and  bears,  found  not  only  in  the 
eaves,  but  also  in  masses  of  transported  gravel,  and  that  he  ex- 
irtedprevious  to  the  catastrophe,  or  catastrophes,  which  overwhelm* 
ed  him  and  them.  If  the  co-existence  of  man  and  these  extinct 
tmrnals  should  ever  be  satisfactorily  proved,  it  would  become  a 
carious  question,  whether  his,  so  found,  remains  are  those  oi  an 
extinct  species;  or  undistinguishable,  like  the  bones  of  the  horse, 
from  those  which  now  exist.  It  is  a  singular  circumstance,  and 
eae  which  demands  attention,  notwithstanding  the  ingenious  re- 
tuxkn  that  have  been  made  on  the  subject,  that  the  remains  of  the 
nonkey  tribe  should  not  yet  have  been  discovered  among  the  un- 
distiurbed  bones  and  other  substances  in  caves,  or  in  the  old  trans- 
ported gravel,  or  diluvium  of  Prof.  Buckland.  It  has  been  objected 
to  a  remark  that  man  and  the  monkey  tribe  were  perhaps  created 
about  the  same  period,  and  were  of  comparatively  modem  appear- 
ance on  the  earth's  surface,  that  the  countries  have  not  been  geo- 
logically well  examined  where  the  monkey  race  now  exist.  This 
is  perfectly  true.  But  is  there  any  reason  why  monkeys  should 
act  have  lived  in  climates  and  in  situations  where  elephants,  rhi- 
loeeroses,  tigers,  and  hyaenas  were  common  ?  for  the  climates  and 
ngioiis  in  which  existing  elephants,  rhinoceroses,  tigers,  and 
menas  abound,  are  precisely  those  where  monkeys  are  now  found. 
To  the^^ection,  that  if  ihey  did  then  exist,  their  \K)Tiei^^^A]2L!\.xi<(A 
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be  diacovered,  as  their  activiW  would  lecure  them  irom  falGiig  ■ 
prej  to  hyEenaa  &nd  other  predaceous  animob ;  it  may  be  oppcwM, 
that  they  maai  have  died  like  other  animals,  and  that  their  dud 
carcases  must  have  fallen  to  the  ground,  and  that  they  were  qnit* 
as  hkely  to  have  become  the  food  of  lesa  nimble  creatures,  as  tha 
birds  found  in  the  cavern  of  Kirkdate. 

Kitkdale  cavern  was  discovered  by  cutting  back  a  quarry,  in 
the  summer  of  1S2I,  and  wu  visited  bj  Prof.  BucUand  in  De- 
cember of  the  same  year.  Its  greatest  length  is  staled  at  245  fee^ 
and  its  height  generally  tobe  so  inconsiderable,  that  there  are  fluly 
two  or  three  situations  where  a  man  can  staud  upright.  The  fbt 
lowing  is  a  section  *. 

a  a,  a  a,  horizontal  beds  of  limestone.  Fig.  23. 

in  which  the  cave  is  situated  ;  b,  stalag- 
mite incrusting  some  of  the  bones,  and 
formed  before  the  mud  was  introduced; 
c,  stratum  of  mud  containing  the  bonea; 
d  d,  stalagmite  formed  sin 
duction  of  the  mud,  and  si 
its  surface ;  e,  insulated  stalagmite  i 
mud  i  //,  stalactites  depending  from  the 

"Thesurfaceofthe  sediment  when  the 
cave  was  lirst  opened  was  nearly  smooth  and  level,  except  in  thoM 
parts  where  its  regularity  had  been  broken  by  the  accumnlaliui 
of  stalagmite  above  it,  or  ruffled  by  the  dripping  of  water ;  its  nib- 
itance  ia  an  argillaceous  and  slightly  micaceous  loam,  compoacd 
of  such  minute  particles  as  would  easily  be  suspended  in  muddy 
water,  and  mixed  with  much  calcareous  matter,  that  seems  to  hava 
been  derived  in  part  from  the  dripping  of  the  roof,  and  in  part 

from  comminuted  bones At  about  100  feetwithin  tha 

cave's  mouth  the  sediment  became  more  coarse  and  sandyf." 

According  to  Dr.  Buckland,  the  following  are  the  animals,  dw 
remains  of  which  were  found  in  the  Kirkdale  cavern ;  Cartueora; 
— Hytena,  Tijjer,  Bear,  Wolf,  Fox,  Weasel.  Packydermala  ,— 
Elephant,  Rhinoceroa,  Hippopotamus,  Horse.  Ruminantia; — Ox, 
and  three  species  of  Deer.  Hodenlia; — Hare,  Rabbit,  Water-r*^ 
and  Mouse.  Birdt  ;—Ra,yeu,  Pigeon,  Lark,  a  small  specie!  rf 
Duck,  and  a  bird  about  tlic  size  of  a.  Thrush. 

From  the  mode  in  which  diese  remains  were  strewed  overtbs 
bottom  of  the  cavern  when  the  mud  was  removed,  the  great  prtt* 
portion  of  hyiena  teeth  over  those  of  other  animals,  and  the  mut- 
□er  in  which  many  of  the  bones  were  gnawed  and  fractured,  Pn£ 
Buckland  inferred  that  this  cavern  was  the  den  of  hytenaa  duriiu 
a  succession  of  years ;  that  they  brought  in,  as  prey,  the  snin^ 

■  From  Buckland'!  Reliquiia  IMuviaiut.  f  Ibid. 
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remains  are  now  mixed  with  their  own ;  and  that  this  state 
gs  was  suddenly  terminated  hy  an  eruption  of  muddy  water 
e  cave,  which  buried  the  whole  in  an  envelope  of  mud.  The 
ce  of  the  hyaenas  having  been  long  resident  in  the  cave, 
rengthened  by  the  occurrence  of  their  fseces,  precisely  as 
happen  in  a  den  of  hyaenas  at  the  present  day.  In  addition 
:h  it  was  further  observed,  that  many  bones  were  rubbed 
I  and  polished  on  one  side,  while  the  opposite  side  was  not. 
'rof.  Auckland  considered,  was  produced  by  the  friction  of 
mals  walking  or  rubbing  themselves  upon  the  bones. 
German  caverns  of  Gailenreuth,  Kiiloch,  Bauman,  &c.  con- 
I  abundance  of  bones,  nearly  identical,  according  to  Cuvier, 
)0  leagues ;  by  far  the  greatest  proportion  being  referable 
extinct  species  of  Bear,  Ursus  spelaus,  and  U,  arctoidew, 
mainder  consisted  of  the  extinct  Hyaena  (the  same  as  at 
de),  a  Felis,  a  Glutton,  a  Wolf,  a  Fox,  and  Polecat  *.  These 
8  80  far  resemble  Kirkdale  cave,  that  there  is  more  or  less 
ilagmitic  crust,  beneath  which  the  bones  are  discovered,  the 
aitic  matter  being  frequently  transfused  through  the  pre- 
r  deposited  sediment  f.  There  is,  however,  one  fact  con- 
witn  these  caverns,  wherein  they  differ  very  considerably 
lie  Yorkshire  cave.  In  the  latter,  no  rolled  pebbles  were 
ed ;  while  in  the  former  they  have  been  noticed  in  some 
Thus,  in  Bauman 's  Hohle,  pebbles  of  various  sizes  are 
to  occur  among  crushed  and  pounded  bones ;  leading  to  the 
iption  that  the  pebbles  broke  the  bones,  for  the  sand  and  mud 
same  chamber  contain  them  nearly  entire.  It  would  there- 
rpear  that  water  had  rushed  into  the  cave,  bringing  with  it 
pebbles  of  the  surrounding  country,  crushing  and  distri- 
the  previously  accumulated  bones.  By  reference  to  Prof, 
md's  section  of  this  cave  X,  we  find  the  gorge  of  Bode  ex- 
he  entrance  of  the  cavern,  from  whence  there  is  a  descent 
e  chamber  where  the  crushed  bones  and  pebbles  occur :  so 
e  same  phaenomena  may  here  be  explained  by  two  different 
leses ;  the  one  supposing  a  fracture  of  strata  produced  du- 
great  convulsion  permitting  the  sudden  inroad  of  waters 
.bove ;  the  other,  the  gradual  cutting  of  the  gorge  by  the 
lode,  which,  so  long  as  it  cut  across  the  mouth  of  the  cavern, 

ctions  of  some  of  these  caves  will  be  found  in  Prof.  Buckland's 

86  Diluvianae. 

ickland,  Reliquiae  Diluvianae.  According  to  M.  Wagner,  the  Mug- 

'  caverns  contain  the  remains  of  the  Ursus  speheusy  Ursus  arctoi' 

av.),  Ursus  priscus  (Goldf.)>  Hyana  spelaa  (Goldf),  Felis  spekea 

I,  Canis  spelausy  (Goldf.),  Cants  minor,  Guh  spelaus  (Goldf.),  a 

and  a  Bos,     Wagner,  Leonhard  and  Bronn's  Jahrbuch  fur  Geo- 

•e.  1830. 

diquiie  Diluvianae,  pi.  15. 
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would  throw  rounded  pebbles  into  it,  yery  considerable  rushes  <if 
water  and  pebbles  taking  place  during  floods.  We  thus  obtain 
little  information  on  the  subject.  The  same  remarks  apply  to  the 
caves  of  Rabenstein,  and  others  in  Franconia.  The  Zahnloeh 
may,  perhaps,  admit  of  only  one  explanation ;  for  it  is  described 
as  being  on  a  hill  600  feet  above  the  valley  of  Muggendoif.  The 
ossiferous  mass  is  stated  to  be  composed  of  <*  brown  loam,  mixed 
with  numerous  pebbles  and  angular  fragments  of  limestone  *." 

Be  the  origin  of  the  pebbles,  sand  and  mud,  what  it  may,  it 
seems  clear  that  the  remains  of  various  animals  were  enveloped 
by  them ;  since  which,  there  has  been  a  long  continuance  of  re- 
pose, permitting,  in  most  cases,  the  deposit  of  stalagmite  upon  the 
ossiferous  mass. 

Dr.  Buckland  informs  me  that  Mr.  M*£nery  found  rounded 
pebbles  of  granite,  of  the  size  of  an  apple,  mixed  with  the  bonci 
under  the  stalagmite  in  Kent's  Hole,  Torquay;  and  he  states thit 
he  has  found  pebbles  of  greenstone,  completely  rounded,  in  the 
same  place ;  and  that  in  some  parts  of  Kent's  Hole,  particulnfr 
the  lowest,  the  bone  breccia  is  full  of  fragments  of  grauwacke  aoa 
slate,  some  of  them  rolled,  some  angular.  The  cave  itself  is  flitih 
ated  in  a  limestone  resting  on  shale,  and  the  grauwacke  and  date 
are  rocks  of  the  country ;  but  the  ^anite  is  at  some  distance,  net 
nearer  than  Dartmoor :  so  that  although  the  situation  of  the  care 
is  such  as  to  make  it  possible,  though  not  perhaps  very  probahh^ 
that  under  a  variety  of  combinations  the  greenstone,  g^auwacke^ 
and  slate,  may  have  been  conveyed  into  the  cave,  by  what  of 
termed  actual  causes,  the  granite  pebbles  would  scarcely  seem  re* 
concileable  with  such  an  hypothesis. 

M.  Thirria  describes  the  Grotte  d'Echenoz,  on  the  south  ti 
Vesoul,  near  the  summit  of  a  high  plateau,  between  the  vfllagei 
of  Echinoz,  Andelarre,  and  Chariez  (Haute  Saone),  as  formed  fa 
the  lower  system  of  the  Jura  limestone,  or  oolitic  group.  The 
upper  part  of  this  cave  is  very  irregular,  and  in  one  place  (the 
Grand  Clocher)  rises  so  high,  that  there  must  be  little  space  re- 
maining between  it  and  the  surface  of  the  plateau.  The  bottoM 
is  not  far  removed  from  a  level,  here  and  there  interrupted  liy 
stalagmites.  These  stalagmites  are  not  numerous ;  but  there  ait 
some  which  rise  high,  and  cover  a  considerable  surface.  No  re- 
searches had  been  attempted  in  this  cavern  previous  to  those  of 
M.  Thirria,  in  August  1 827.  He  broke  up  the  ground  "  at  di^ 
ferent  points  of  the  four  chambers  of  the  cavern,  and  all  afiinrded 
bones  m  greater  or  less  abundance.  The  researches  carried  oo  ii 
the  fourth  chamber  were  the  most  productive,  for  each  blow  of  the 

Sick-axe  brought  up  a  bone.    The  depth  at  which  the  bones  were 
iecovered,  varied  from  ten  centimetres  to  a  metre :  they  occurred 

*  Reliquiae  DiluviaRe,  p.  131. 
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midst  of  a  red  clay,  mixed  with  a  great  nmnber  of  rounded 
»  with  a  smooth  surface,  the  size  of  which  often  attained  that 
lan's  head.  They  are  all  composed  of  a  gray  lamellar  lime- 
resembling  that  which  forms  the  sides  of  the  cavern  and 
rocks  of  the  vicinity.  Independently  of  these  pebbles,  which 
(yidently  been  rolled  by  waters,  and  could  not  have  pene- 
into  the  cave  except  through  some  fissures  in  its  roof  no 
'  visible,  pieces  of  stalagtites  and  stalagmites  are  discovered 
heir  angles  worn  down,  showing  that  they  have  been  moved* 
lay  deposit,  the  thickness  of  which  does  not  appear  to  ex- 
ile metre  thirty  centimetres,  is  nearly  everywhere  covered 
lagmite  a  few  centimetres  deep,  and  upon  this  crust,  which 
nmillated,  there  rests  a  bed,  from  ten  to  twenty-five  centi- 
I  thick,  composed  of  a  clay  more  unctuous  but  less  red  than 
tuated  beneath,  and  frequently  blackish  from  the  remains 
etables,  of  which  it  still  contains  some  debris.  No  rounded 
>s  are  found  above  the  stalagmitic  crust,  and  they  are  only 
•n  the  surface  when  the  stalagmite  does  not  exist.  Hence 
sars  evident,  that  the  ossiferous  clay  containing  the  rounded 
it  has  been  carried  by  the  waters  and  deposited  in  the 
i,  anterior  to  the  formation  of  the  stalagmitic  crust,  pro-* 
by  droppings  from  the  roof,  before  the  deposit  of  the  clay 
r  which  this  crust  is  covered*."  M.  Thima  further  infers, 
he  resemblance  of  these  pebbles  to  those  of  the  transported 
:  (termed  diluvium)  in  the  vicinity,  that  the  introduction  of 
bbles  and  clay  mixed  with  the  bones  in  the  Grotte  d'£che- 
as  contemporaneous  with  the  transport  of  the  diluvium, 
xmes  were  most  commonly  discovered  beneath  a  certain 
ess  of  clay ;  but  in  many  situations  they  occurred  imme- 
r  beneath  the  stalagmitic  crust,  and  sometimes  even  entirely 
**  In  general  the  bones  constituted  a  thickness  of  about  eight 
een  centimetres  in  the  middle  of  the  clay :  they  crossed  in 
s  directions,  and  covered  each  other  with  small  interme- 
spaces,  without  having  preserved  their  relative  position, 
have  not,  however,  suffered  complete  dislocation ;  for  the 
vertebras  were  nearly  always  discovered  near  the  skull  and 
the  humerus  and  cubitus  near  the  pelvis ;  and  the  os  calcis, 
etatarsal  and  metacarpal  bones  or  phalanges,  near  the  fe- 
die  tibias  and  the  cubitus."  The  bones,  examined  by  Cu- 
rere  found  to  belong  to  the  Vrsus  spelaus,  Hytenay  Felis, 
Elephant,  and  Boar;  by  far  the  largest  proportion  belong- 
the  Ursus  speUeus  f . 
Thirria  also  describes  the  Grotte  de  Fouvent,  situated  at 

hirria,  M^m.  de  la  See.  d'Hist.  Nat.  de  Strasbourg,  t.  i.,  where 
setions  of  the  cave  will  be  found. 

iid: 
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Fouvent  near  ChampUtte  (Haute  Saoue).  This  cavern  w 
dentally  discovered  by  quarrying  the  rock  in  such  a  mann 
■trike  into  a  natural  clef):,  tbrough  which  the  matters  co: 
in  tbe  cave  are  Bupposed  to  have  entered,  there  being 
rently  no  other  aperture.  The  cave  is  considered  too  si 
the  habitation  of  beaita  of  preyj  its  upper  pert  is  only  ah 
yards  beneath  the  surface  of  the  plateau;  and  it  wa 
pletely  filled  with  boneB,  a  yellow  marl,  and  angular  piece 
nirrounding  rock  and  of  those  in  the  vicinity ;  the  whole 
pell-mell,  and  resembling  the  detritus  termed  dUuvium  C' 
many  plains  and  valleys  in  the  neighbourhood.  A  thin  t 
bed  coverB  the  bottom  of  the  cave,  and  a  small  thicknea 
top  did  not  contain  animal  remains.  According  to  M. 
these  remaina  belong  to  the  Elephant,  Rhiuoceroa,  Hyseni 
■peheuB,  Horse,  Ox,  and  Lion.  M.  Thirria  remarks  t) 
ossiferous  mess  merely  reqnirea  a  compact  cement  l«  bee 
osseous  breccia. 

A  very  common  condition  of  cavern  bones  is  their  bein 
mixed  with  anoiUer  Iragments  of  the  rock  in  which  the 
occur.  Bauwell  Cave,  in  the  Mendip  Hills,  is  a  good  e 
of  a  large  accumulation  of  the  remains  of  Uraut,  Feiit, 
Boa,  and  other  animals,  with  fragments  of  carbonifei 
mountain  iimetlone,  the  rock  in  which  the  cavern  is 
The  contents  of  this  cave  merely  require,  as  M.  Thirria 
served  respecting  that  at  Fouvent,  acalcareous  cementing 
to  become  an  osseous  breccia,  such  ai  is  found  at  Nice  ai 
places  on  the  shores  of  the  Mediterranean.  The  osseous 
of  the  Chateau  Hill  at  Nice  appears  indeed  to  have  been 
cavern,  which  has  been  quarried  away  by  the  works  col 
carried  on  there.  The  following  is  a  section,  fresh  wht 
ferved  it  in  the  winter  of  1827. 

J,  quar^ ;  a  a,  hard  hrecciated  do- 
lomite ;  I  ii,  holes  bored  in  the  do- 
lomite by  some  litfaodomous  shell ; 
c,  rounded  pebbles,  composed  princi' 
pally  of  rock  fragments  transported 
liom  a  distance,  cemented  by  a  com- 
pact  calcareous  paste ;  o,  osseous 
breccia,  united  by  a  reddish  calca- 

This  section  seems  to  point  to 
the  following  conclusions: — I.  An 
open  fissure  beneath  water,  the  sides 

Eierced  by  some  boring  shell.     The  ^j^"' 
thodomous  shells  being  of  all  ages, 
the  time  does  not  appear  to  have  been 
tlum.     2.  The  lower  part  of  the  fit- 
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rare  filled  by  gravel  transported  from  a  distance.  3.  The  re- 
mainder of  the  fissure  filled  by  the  broken  bones  of  animals,  shells 
(marine  and  terrestrial),  and  fragments  of  rocks,  mostly,  but  not 
lolelyy  those  of  the  vicinity.  4.  The  rise  of  land,  or  the  fall  of 
Ae  sea,  to  their  present  relative  positions. 

Other  osseous  breccias  are  common  in  the  vicinity,  some  being 
at  least  500  feet  above  the  level  of  the  present  Mediterranean  : 
the  cement  reddish,  and  often  vesicular ;  the  vesicles  being  lined 
lidi  carbonate  of  lime.  A  portion  at  least  of  this  osseous  breccia 
lonld  seem  to  have  been  formed  beneath  the  sea,  for  it  contains 
ttrine  remains ;  and  among  other  things  those  of  a  CaryophyUia 
itVillafranca.  Independent  of  the  fissures  containing  the  re- 
mains qf  terrestrial  animals,  there  are  others,  merely  affording 
narine  remains,  which  remains  do  not  seem  to  differ  from  the 
aetnal  inhabitants  of  the  Mediterranean,  and  the  breccia  appears 
to  have  been  contemporaneous  with  the  osseous  breccias ;  the  mi- 
anal  compound  in  all  cases  taking  its  character  from  the  rock  in 
winch  it  occurs. 

The  osseous  breccia  of  Cagliari,  Sardinia,  occurs  in  clefts  and 
m&n  caverns  of  a  supracretaceous  rock,  about  150  feet  above  the 
tea.  The  remains  of  a  Mytilus  are  discovered  mingled  with  the  other 
fliganic  exuviae*.  Dr.  Cristie  describes  the  osseous  breccia  at  San 
€oro,  near  Palermo,  as  not  confined  to  the  cave  itself,  but  as  form- 
ng  part  of  the  external  talus,  resting  upon  the  upper  supracreta- 
eeoua  (tertiary)  beds,  with  a  thickness  of  about  20  feet.  The  same 
author  considers  this  deposit  to  have  been  effected  in  water,  and 
to  have  been  subsequently  raised  above  the  sea,  for  parts  of  the 
earem  are  perforated  by  Uthodomous  shells,  reminding  us  of  the 
MMous  breccia  of  Nice.  Dr.  Cristie  also  notices  the  osseous 
Iseccia,  70  feet  above  the  sea,  near  the  bay  of  Syracuse,  as  con- 
taining an  admixture  of  sea  shells.  He  infers,  as  the  osseous 
lireccia  of  the  Beliemi  Caves,  near  Palermo,  does  not  present  any 
marks  of  having  been  formed  in  the  sea,  and  as  it  rises  100  feet 
above  the  San  Ciro  cave,  itself  about  200  feet  above  the  sea, 
that  the  breccia  at  Beliemi  was  above  the  surface  of  the  sea  at  the 
time  that  the  breccia  of  San  Ciro  was  beneath  it ;  and  that  their 

Cat  heights  mark  the  extent  to  which  the  tertiarv  formation  has 
raised  at  that  part  by  the  great  convulsion  which  elevated  a 
Ittge  part  of  Sicily  f. 

Similar  osseous  breccias  occur  at  Gibraltar,  Cette,  Antibes, 
Corsica,  and  various  other  places  on  the  shores  of  the  Mediter- 
lanean.     The  bones  found  at  these  places  consist,  according  to 

*  De  la  Marmora,  Journal  de  G^ologie,  tiii.p.  310. 

f  Cristie,  Phil.  Mag.  and  Annals,  Dec.  1831.  The  bones  from  the 
Stn  Ciro  cave  were  ascertained  by  Cuvier  to  be  those  of  the  Elephant, 
hippopotamus,  Deer,  and  of  animals  of  the  genus  CanU. 
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Cuvier^  (besides  those  referable  to  Horses,  OzeD,  and 
Deer,)  of  Deer  of  the  size  of  the  Fallow  Deer  (Gibraltar, 
Antibes) ;  Deer  resembling,  in  their  teeth,  some  in  the  '. 
Archipelago  (Nice) ;  a  smaller  species  (Nice) ;  a  species  of 
lope  or  Sheep  (Nice) ;  two  species  of  Rabbit  (Gibraltar, 
Pisa,  &c.),  one  resembling  the  common  Rabbit,  the  other  si 
Lagomys  (Corsica,  Sardinia) ;  species  of  Mtis;  Felis  (Nice) ; 
(Sardinia) ;  Lizard  (Sardinia)  ;  Land  Tortoise  (Nice). 

M.  Brongniart  considers  that  many  of  the  pisiform  in 
which  occur  in  the  clefts  of  some  rocks,  particularly  in  th( 
are  of  contemporaneous  origin  with  the  osseous  breccia 
mipport  of  this  opinion,  M.  Necker  de  Saussure  observes,  1 
Kropp,  in  Camiola,  clefts  of  rocks  containing  iron-ore  worl 
profitable  purposes,  contain  the  remains  of  the  Ursus  speliBi 
also  appears  uiat  the  remains  of  mammalia  have  been  disc 
under  similar  circumstances  in  the  district  of  Wochein^.  Ace 
to  MM.  Thirria  and  Walchner,  there  are  two  deposits  of  pi 
iron-ore  in  the  north-west  part  of  the  Jura  (Haute  Saone) 
the  environs  of  Bale,  one  probably  derived  in  a  great  m 
from  the  partial  destruction  of  the  other,  which  occurs  Ix 
the  oolitic  group  and  the  supracretaceous  rocks.  The  most 
deposit  sometimes  contains  the  remains  of  the  rhinoceri 
bear,  and  is  considered  of  the  same  geological  date  as  the  i 
breccias  f . 

There  would  appear  to  be  much  analogy  between  man 
ferous  caverns,  the  osseous  breccias,  and  some  clefts  coni 
iron-ore,  leading  to  the  presumption  that  the  animal  remai 
tained  in  them  nave  been  introduced  under  certain  genei 
cumstances.  The  great  cleft  before  noticed,  at  Oreston  nei 
mouth,  seems  to  have  been  quite  open  when  the  elephai 
rhinoceros  remains  were  introduced  into  it ;  the  accumula 
angular  fragments,  many  of  them  very  large,  and  ninety  fee 
having  taken  place  since  the  remains  were  deposited ;  mark 
transport  from  a  distance,  but  a  simple  falling  in  of  fragmc 
the  same  nature  as  that  of  the  rock  on  each  side  (grai 
limestone). 

Osseous  breccias,  occurring  under  similar  circumstanc 
not  confined  to  Europe,  for  it  now  appears  that  they  are  dbc 
in  Australia.  According  to  Major  Mitchel,  the  principal 
rous  cavity  is  situated  near  a  large  cave  in  Wellington  "^ 
about  170  miles  from  Newcastle,  through  which  valley  fio 
river  Bell,  one  of  the  principal  sources  of  the  Macquarrie. 
cavity  is  described  as  a  wide  and  irregular  kind  of  well  or  J 
accessible  only  by  ladders  or  ropes,  and  the  breccia  is  a  n 

*  Ann.  des  Sci.  Nat.  Jan.  1829. 

f  M6m»  de  la  Soc.  d'Hist.  Nat.  de  Strasbourg. 
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of  limestone  fragments  of  various  sizes,  and  bones  enveloped  in 
in  earthy  red  calcareous  stone.  Such  of  the  bones,  forwarded  to 
Europe,  as  were  inspected  by  Mr.  Clift,  were  referred  by  that 
floatomist  to  the  Kangaroo,  Wombat,  Dasyurus,  Koala,  and  Pha- 
kmptta,  aU  animals  at  present  existing  in  Australia.  With  these 
were  found  two  others ;  one  of  which,  considered  to  be  that  of  an 
dephant,  was  obtained  in  a  singular  manner  by  Mr.  Kankin,  who 
fcit  visited  this  fissure;  for,  supposing  it  to  be  a  projecting  por- 
ill  of  the  rock,  he  fastened  the  rope  by  which  he  descended  to  it, 
■i  was  only  undeceived  by  the  support  breaking,  and  showing 
Mf  to  be  a  large  bone. 

•  According  to  Mr.  Pentland,  the  bones  from  the  Australian 
beeda,  forwarded  to  Paris,  and  examined  by  Baron  Cuvier  and 
UMelfy  belong  to  **  eight  species  of  animals,  referable  to  the  fol- 
Ining  genera :  Dasyurus  or  Thylacinus;  Hypsiprymnus  or  Kan- 
mrooBat,  one  species;  Phascolomys,  one  species;  Kangaroo,  two 
IFboC  three  species ;  Halmaturtu,  two  species ;  and  Elephant,  one 
feeiefl.  Of  these  eight  species,  four  appear  to  belong  to  animals 
vknown  to  zoologists  of  the  present  day:  viz.  two  species  of 
Edmaiwrus;  one  species  oi  Hypsiprymnus ;  and  the  Elephant, 
It  ii  further  stated  that  another  collection  from  Wellington  Valley 
^'tontains  the  remains  of  a  species  of  Kangaroo  exceeding  by  one 
ttd  the  largest  known  species  of  that  genus." 

Mnor  Mitchel  notices  other  and  similar  breccias  on  the  Mac- 
name,  eight  miles  N.E.  from  the  Wellington  cavity ;  as  also  at 
Boree,  fifty  miles  to  the  S.E.,  and  at  Molony,  thirty-six  miles  to 
Ae£.;  the  latter,  according  to  this  author,  containing  bones 
ippffendy  larger  than  those  of  the  animals  now  existing  in  the 
floontiy*. 

Before  we  conclude  this  subject,  we  should  notice  an  ossiferous 
cirem  on  the  banks  of  the  Meuse,  at  Cheekier,  about  two  leagues 
from  Li6ee,  which  exhibits  some  curious  circumstances.  Frag- 
aients  of  limestone,  of  the  same  kind  as  that  in  which  the  cavern 
tteeors,  are  mixed  with  some  quartz  pebbles,  and  with  bones, 
Qoitly  broken ;  the  whole  being  united  by  a  calcareous  cement. 
The  bones  and  teeth  occur  equally  in  the  solid  breccia  and  mud, 
which,  with  three  beds  of  stalagmite,  nearly  fill  the  cavern.  It  is 
iited  that  bones  were  discovered  beneath  each  of  these  three 
Satinet  beds  of  stalagmite.  The  remains  belong  to  at  least  fifteen 
■peeiM  of  animals, — elephant,  rhinoceros,  cavern  bear,  hyaena, 
Vq1(  deer,  ox,  horse,  &c.  The  most  abundant  being  those  of 
W8,  hyeenas,  and  horses  f . 

*  Jameson's  Edin.  Phil.  Journal,  1831 ;  and  Phii.  Mag.  and  Annals, 
June  1831. 
t  Journal  de  Geologic,  t.  i.  1830. 
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SUPRACRETACEOUS  GROUP. 

Syn.  Superior  Order,  Con^ft. ;  Tertiary  Rocks,  £n^^  ^tffAor«;  Terru 
Tertiares,  Fr,  Authors;  Tertiargebilde,  Germ.  Authors;  T^ml 
Iz^miens  Thalassiques,  Al.  Brong, 

Prior  to  the  labours  of  MM.  Cuvier  and  Brongniart  on  ti 
country  round  Paris,  the  various  rocks  comprised  within  A 
group  were  geologically  unknown,  or  were  considered  as  me 
superficial  gravels,  sands,  or  clays.  Subsequent  to  the  publicatM 
of  their  memoir  (1811),  it  has  been  found  that  the  geological  n 
portance  of  these  rocks  is  very  considerable,  and  that  they  occiq 
a  large  part  of  the  superficies  of  the  present  dry  land,  entombb 
a  great  variety  of  terrestrial,  fresh-water,  and  marine  remains, 
was  observed  that  in  the  vicinity  of  Paris,  and  for  certain  distaM 
around,  the  organic  remains  detected  in  the  different  beds  wc 
not  all  marine,  but  that  fresh-water  shells  and  terrestrial  anhni 
of  genera  now  unknown  were  not  uncommon ;  and  by  prosecutn 
the  discovery,  it  was  found  that  these  remains  were  deposited 
beds,  each  holding  a  certain  place  in  a  certain  series  *. 

*  While  these  discoveries  were  proceeding  in  France,  Mr.  Wink 
Smith, — a  name  that  must  always  be  remembered  with  respect  by  t 
geologists  of  Britain, — was  working  on  more  ancient  rocks,  and,  amid 
thousand  difficulties,  identified  strata  in  various  parts  of  England  1 
means  of  organic  remains.  It  is  true  that  he  did  not  publish  regnl 
works  until  1815 ;  but  it  is  equally  true  and  well  known,  that  fossils  cd 
stituted  his  mode  of  tracing  equivalent  beds  long  previous  to  this  peii< 

According  to  M.  Keferstein,  Fuchsel  (a  German  geologist)  had  obsoti 
that  certain  beds  between  the  Hartz  and  Thuringerwald,  and  aroui 
Rudelstadt,  were  characterized  not  only  by  their  mineralogical  structui 
but  by  their  organic  contents,  as  early  as  1762  and  1775.  This  isprov 
by  two  works  of  Fuchsel,  one  in  1762,  entitled  Historia  Terra  et  Mm 
*x  Historia  Thuringia  per  Montium  Descriptionem  erecta ;  the  other 
1775,  entitled,  Entwurf  zu  der  altesten  Erd-und-Menschengeschtda 
Fuehsel  seems  to  have  determined  the  relative  position  of  the  rocks  ne 
known  as  the  muschelkalk,  red  or  variegated  sandstone,  the  zechste! 
the  copper  slate,  and  the  rothe  todte  liegende.  His  theoretical  gs 
logy  is  remarkable,  and  far  superior  to  that  of  Werner,  which  afterwtn 
became  so  prevalent  "  He  states  that  the  continents  were  formerly  0 
vered  by  the  sea  until  after  the  formation  of  the  muschelkalk :  bat  i 
certain  beds  only  contained  vegetables  or  terrestrial  animals,  this  M 
must  have  been  surrounded  by  a  continent  more  elevated  than  it,  an 
vrbicb  occupied  the  place  of  the  present  ocean.    This  land  has  by  degrtt 
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I  As  might  have  been  expected  from  their  lahours  and  those  of 
I  Mr.  Smith  on  the  older  rocks  of  England,  the  presence  of  fossils 
I  in  particular  strata  was  instantly  generalized ;  and  it  became  a  well 
[  Kceived  theory  for  a  considerable  time,  that  every  formation  or 
I  nrdcular  set  of  beds  contained  the  same  organic  remains,  not  to 
I  be  discovered  in  those  above  or  beneath.  This  opinion  has  gra- 
I  Aially  given  way  before  facts ;  and  the  present  theory  seems  to 
mh,  that  though  certain  shells  may  not  be  precisely  peculiar  to  cer- 
H|b  beds,  they  are  more  abundant  in  them  than  in  others,  and  that 
Hi  uniformity  of  organic  contents  is  greater  as  we  descend  in  the 
Mies  of  fossiliferous  rocks:  so  that  the  older  the  beds,  the  greater 
bjD  be  the  uniformity  over  considerable  spaces ;  and  the  newer 
Be  series,  the  less  the  uniformity.  How  far  this  opinion  may  be 
IfRect,  can  only  be  determined  by  an  accurate  examination  of 
[ipeks  in  distant  parts  of  the  world ;  and  most  probably  we  shall  be 
[Mebted  to  the  American  geologists  for  the  first  great  advance  on 
[jUi  gubject.    But  while  we  thus  wait  for  information,  it  may  be 

riNn  swallowed  up  by  the  sea.     Debacles  have  often  carried  masses  of 

I'l^etsbles   into    the   sea,   which  have  been  covered  by  marine  mud. 

[■■iliii'  changes  may  now  take  place ;  for  tlie  earth  has  always  presented 

nlMom^na  similar  to  those  of  the  present  day,''*    Fuchsel  may  therefore 

m  lome  measure  be  considered  the  first  propounder  of  the  theory  of 

[Vtiial  causes,  as  indeed  is  further  shown  by  M.  Keferstein  in  his  analysis 

Itf  the  two  memoirs  above  noticed.     "  He  (Fuehsel)  found  that  in  the 

jbrmation  of  deposits  Nature  must  have  followed  existing  laws  ;    every 

I  deposit  forms  a  stratum,  and  a  suite  of  strata  of  the  same  composition 

CDDttitutes  a  formation,  or  an  epoch  in  the  history  of  the  world :  the 

cnrents  of  the  ancient  sea  may  be  determined  by  the  direction  of  the 

ftnoations.     There  are  many  chemical  deposits  the  formation  of  which 

tanains  inexplicable.     All  the  sedimentary  deposits  have  been  formed 

iHrizontally,  and  have  accommodated  themselves  to  the  inferior  surface. 

Ae  inclined  beds  occur  in  that  position  in  consequence  of  earthquakes 

tr  oscillations  of  the  ground,  catastrophes  which  have  produced  a  con- 

'■iorable  quantity  of  mud,  which  distinguishes  the  deposits  which  pass 

ftmone  into  the  other."    (Keferstein,  Journal  de  Geologic,  t.  ii.) — The 

-lko?e  and  other  observations  are  mixed  with  remarks  characteristic  of 

n  in&nt  science,  but  such  remarks  are  comparatively  few  in  number. 

Altogether,  Fuchsel  seems  to  have  been  a  very  remarkable  man ;  and,  as 

M.  Keferstein  observes,  it  was  little  creditable  in  Werner,  that  while  he 

•dopted  his  ideas  as  to  strata  and  formations,  he  should  have  followed 

them  to  much  less  logically. 

It  may  be  here  noticed  that  the  celebrated  Dr.  Hooke  also  considered 
Uihly  inclined  and  vertical  strata  as  so  placed  in  consequence  of  earth- 
^ifcei ;  for  I  find  by  reference  to  those  curious  documents,  the  MS. 
ioirtials  of  the  Royal  Society,  that  he  stated  this  opinion  to  the  meeting 
iCthat  Society  on  June  27,  1667  ;  and  he  further  inferred  that  shells 
*hidi  he  had  observed  in  a  cliff  in  the  Isle  of  Wight,  were  raised  above 
the  level  of  the  sea  by  the  same  forces. 

K 
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remarked,  that  such  an  opinion  is  not  inconsistent  with  that  whic 
supposes  the  world  to  have  once  heen  a  heated  mass,  which  hi 
gradually  cooled  at  the  surface.  These  ohsenrations  have  bei 
rendered  necessary,  as,  in  the  group  of  rocks  under  condderatioi 
a  great  variety  of  organic  remains,  in  many  cases  of  a  difieni 
character,  is  found  in  deposits  not  far  distant  from  each  other. 

During  the  deposit  of  the  different  rocks  comprehended  with 
this  group,  the  various  operations  of  Nature  would  seem  to  hm 
proceeded,  uninterrupted  hy  a  catastrophe  so  violent,  or  hy  ai 
condition  so  common  to  a  large  surface,  as  to  produce  a  dep«| 
of  similar  substances,  characterized  by  great  depth  and  by  simfl 
organic  remains,  over  Europe ;  for  to  this  comparatively  limih 
area  it  would  yet  seem  prudent  to  confine  our  generaJizatiQi 
Under  this  state  of  things,  springs  would  deposit  the  different  sal 
stances  which  they  are  capable  of  holding  in  solution  :  and  if  4 
theory  of  internal  heat  and  of  a  great  decrease  of  surface  tenifj 
rature  be  well  foimded,  they  would  generally  be  hotter  than  i 
present ;  i.  e.  the  number  of  thermal  springs  might  be  greater  ;r 
so  far  an  important  consideration,  as  perhaps  more  sUex  would] 
dissolved  and  deposited  then,  as  indeed  might  be  the  case  n) 
many  other  substances  *.  It  may  be  here  remarked,  that  this  ooi 
sideration  would  have  weight  tliroughout  the  deposits  of  an  oldl 
date ;  so  that  the  older  the  class  of  rocks,  the  greater  would  1 
the  probability  of  an  increased  number  of  thermal  springs,  ai 
consequently,  the  greater  the  abundance  of  the  siliceous  and  sob 
other  deposits. 

Whether  this  hypothesis  be  correct  or  not,  it  is  geological 
certain  that  the  superficial  temperature  has  decreased,  and,  asU 
Lyell  has  observed,  shows  itself  in  the  rocks  imder  consideratio 
even  when  the  organic  remains  they  contain  are  of  the  same  q 
cies  of  animals  as  those  which  now  exist ;  for  they  are  found,  ai 
to  be  seen  in  Italy,  larger  than  those  which  live  in  the  neighboi 
ing  seas,  thereby  pointing  out  their  probable  growth  beneath  i 
influence  of  a  warmer  climate. 

A  difference  in  climate  would  also  produce  other  variatioiiB  ^ 


*  The  manner  in  which  some  solutions  of  silex  are  effected 
as  yet  imexplained.  It  is  well  known  that  the  Grasses,  Canes,  and  oil 
plants  of  the  same  natural  family,  have  an  external  coating  of  silei^r 
wise  provision  of  Nature  for  their  protection.  But  the  most  remaiital 
siliceous  secretion  with  which  we  are  acquainted,  seems  to  be  that  wM 
takes  place  in  the  cavities  of  the  Bamboo,  and  is  known  by  the  naiM 
tabasheer.  Dr.  TurnbuU  Cristie  informs  me,  that  the  tahtuheer  foaai 
the  green  bamboo  of  India  is  perfectly  translucent,  soft,  and  nuHst ;  I 
that  afier  its  exposure  to  the  atmosphere  its  moisture  evaporates^  Mi 
becomes  opaque,  hard,  and  of  a  white  or  gray  colour,  such  as  itl| 
pears  when  brought  to  Europe. 
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D  the  supracretaceous  rocks,  as  also  in  those  which  were  pre* 
Y  formed.  The  wanner  and  more  tropical  the  climate,  the 
r,  perhaps,  might  he  the  evaporation  and  the  fall  of  rain,  as 
le  power  of  many  meteoric  agents.  Consequently,  under  this 
lesis,  the  earlier  the  deposits,  the  more  they  would  present 
ces  of  having  felt  the  influence  of  such  climates,  l^ropical 
mrsting  upon  high  mountains  like  the  Alps,  even  supposing 
ion  of  them  not  to  have  heen  so  lofty  as  at  present,  would 
ic  very  different  effects  from  those  we  now  witness  in  the 
egions.  Torrents  of  water  would  be  suddenly  produced,  of 
the  present  inhabitants  of  those  mountains  have  no  con- 
1 ;  and  the  body  of  detritus  borne  down  by  them  would  be 
greater  than  mat  carried  forward  by  the  present  Alpine 
te,  though  these  are  by  no  means  inconsiderable.  So  that 
ferences  produced  on  land  by  the  greater  power  of  meteoric 
in  warm  regions  should  always,  supposing  this  hypothesis 
\y  be  taken  into  account;  particularly  when  it  is  apparent, 
.  succession  of  beds  observed  in  the  same  district,  that  the 
rature  imder  which  the  deposits  have  taken  place  has  gra- 
diminished. 

us  now  inquire  how  far  vegetation  could  counteract  the  su- 
decomposmg  and  transporting  power  of  atmospheric  agents 
tical  or  warm  climates.  It  appears  that,  all  other  circum- 
s  being  equal,  the  warmer  the  climate,  the  greater  the  body 
station  produced  in  it.  The  question  then  is,  does  vegeta- 
"otect  land  from  the  destructive  agency  of  the  atmosphere  ? 
n  scarcely  reply,  except  in  the  affirmative.  Indeed,  if  we 
I  evidences  of  it,  we  might  find  them  in  the  artificial  mounds 
hy  or  barrows,  so  common  in  many  parts  of  England,  which 
>een  exposed  to  the  action  of  the  atmosphere  in  this  cli- 
or  about  two  thousand  years,  and  yet  have  not  suffered  any 
i  alteration  of  form,  though  only  covered  with  a  short  turf 
least  a  considerable  portion  of  that  time.  Now  if  it  be 
ed  that  vegetation,  to  a  certain  extent,  protects  land  be- 
lt, it  will  follow  that  the  greater  the  vegetation,  the  greater 
3tection;  and  consequenuy,  that  land  is  always  defended 
he  destructive  agency  of  the  atmosphere  in  proportion  to 
itection  required^  Without  this  provident  law  of  nature,  the 
rocks  in  tropical  regions  would  speedily  be  washed  away, 
e  soil  would  be  unable  to  support  animal  and  vegetable  life ; 
ugh  in  many  tropical  countries  large  tracts  of  apparently 
vastes  suddenly  seem  to  spring  into  life,  and  are  covered 
brilliant  green  herbage,  as  if  by  enchantment,  after  two  or 
\aj%  of  rain ;  the  roots,  which  when  wetted  send  up  such 
OS  shoots,  and  those  of  the  by-gone  annuals,  whose  seeds 
svelope  green  leaves,  are  matted  together  in  such  a  manner 
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as  to  produce  considerable  resistance  to  the  destnictiFe  power  i 
the  rains*. 

It  is  by  no  means  intended  to  infer  that  the  degradation  of  1 
is  not  greater  in  the  tropics  generally  than  in  milder  climates,! 
merely  to  state  that  there  is  a  relative  proportion  of  vegetable [ 
tection  in  both.  Suppose  a  rainy  season,  such  as  is  common  in  I 
tropics,  to  fall  on  England ;  who  would  doubt  that  large  tracts  ofl 
would  be  bared,  and  that  the  barrows  before  noticed  would  i 
disappear:  and  that  if  the  rains  of  the  English  climate  were  toi 
in  the  tropics,  there  would  be  scarcely  such  a  thing  as  veget  ' 
in  the  low  lands,  the  water  thus  produced  being  insufficic 
support  the  tropical  plants  ?  and  though  it  might  tend  to  dc 
the  land,  it  would  be  so  speedily  evaporated  that  little  woi 
effected  in  that  manner.    The  rains  and  the  vegetation  are 
portioned  to  each  other  :  but  the  destruction  of  the  land 
mains  in  proportion  to  the  quantity  of  rain  and  the  supericnr 
of  many  meteoric  agents ;  so  that,  all  other  circumstances  ' 
the  same,  the  heavier  the  rains,  the  greater  the  destruction  ofl 
and  consequently  the  warmer  the  climate,  the  greater  the  d^ 
dation  of  tne  hills  f . 

It  must  also  be  borne  in  mind,  that  during  the  epoch  in  yrH 
the  supracretaceous  rocks  were  formed,  subterraneous  foil 
would  probably  be  not  less  active  than  they  were  previously 
have  been  since.  We  should  expect  to  find  igneous  rocks  of  varil 
kinds  intermixed  with  the  aqueous  deposits;  and,  under  favounl 
circumstances,  interstratified  with  them  ;  approaching  throa|i 
succession  of  ages  so  nearly  to  the  character  of  modem  volcam 
more  particularly  as  their  exposure  to  ordinary  destructive  can 
would  be  gradually  less,  that  it  would  be  exceedingly  difficult 
say  where  the  modem  volcano  commenced  and  the  ancient  t 
cano  ceased.  There  is  also  no  reason  why  the  same  vent  shoi 
not  have  continued  to  vomit  forth  various  substances  for  a  k 
succession  of  ages  and  during  various  changes  on  the  earth's  f 

*  In  the  savannahs  of  the  western  world,  there  is  frequently  very  Bi 
vegetation,  and  the  consequent  loss  of  surface  is  considerable. 

f  In  tropical  countries  the  parasitical  and  creeping  plants  entwine 
every  possible  direction,  so  as  to  render  the  forests  nearly  impervk 
and  the  trees  possess  forms  and  leaves  best  calculated  to  shoot  off 
heavy  rains, — thus  affording  protection  to  innumerable  creatures  wh 
seek  shelter,  at  such  seasons,  beneath  them.  The  pattering  of  the  tro 
cal  rains  on  such  forests  is  heard  at  distances  which  an  inhabitant  of  I 
temperate  regions  would  little  suspect,  and  is  particularly  striking  ti 
stranger.  The  rain,  thus  broken  in  its  fall,  is  quickly  absorbed  by  \ 
ground  beneath,  or  thrown  into  the  drainage  depressions,  where,  it  m 
be  confessed,  the  torrents  thus  produced  are  sufficiently  furioui^  t 
cause  great  destruction. 
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has  been  previously  noticed ;  so  that  our  endeavours  to 
heir  products  may  not  be  very  successful.  Great  move- 
i  the  land  may  have  been  effected,  altering  the  general 
various  districts ;  and  even  ranges  of  mountains  may  have 
rown  up,  producing  consequent  effects  that  may  have 
afluenced  certain  deposits. 

been  observed  that  the  supracretaceous  rocks  present  nu- 
tistances  of  fresh-water  deposits,  scattered  over  a  consider- 
ice, — afact  which  seems  to  point  to  a  large  continuous  body 
in  other  words,  to  the  presence  of  considerable  continents 
islands.  And  this  opinion  seems  strengthened  by  finding 
lins  of  large  mammiferous  animals  entombed  in  the  same 
hich  are  termed  fresh-water,  because  marine  remains  are 
cted  in  them,  their  organic  contents  being  either  the  ex- 
animals  of  which  the  analogous  kinds  inhabit  lakes  or 
the  present  day,  or  else  of  animals  or  vegetables  whose 
$s  are  found  only  on  the  dry  land.  It  is  also  inferred  that 
nains  could  only  have  been  entombed  beneath  deposits 
or  in  lakes,  whence  also  they  are  often  named  lacustrine 
ndependent  of  these  lacustrine  or  ^esh-water  formations, 
;  others  of  a  mixed  character,  wherein  the  organic  remains 
atrial,  fresh-water,  and  marine;  and  these  are  considered 
ited  in  estuaries,  from  analogous  assemblages  of  this  kind 
iposed  to  be  forming  in  such  situations.  The  rocks  con- 
only  marine  remains  speak  for  themselves :  but  it  by  no 
sems  to  follow,  that  because  a  rock  may  contain  terrestrial 
i-water  remains,  the  origin  of  the  deposit  is  necessarily 
iry ;  for  if  analogies  be  always  sought  in  the  present  state 
;s,  we  know  that  such  remains  are  frequently  carried  far 
the  mouths  of  rivers. 

ft  common  practice  to  describe  the  supracretaceous  rocks 
Ting  in  basins,  such  as  the  London,  Paris,  Vienna,  Swiss, 
lian  basins  :  but  this  term  seems  often  exceedingly  misap- 
!br  great  marine  deposits  were,  one  would  suppose,  no  more 
>  have,  been  formed  in  basins  formerly  than  now,  when 
y,  unless  we  often  term  the  great  bed  of  the  ocean  a  basin, 
Id  by  no  means  characterize  the  deposit  as  taking  place  in 
cavity.  Thus  we  should  ill  characterize  the  delta  deposit 
ranges  by  terming  it  basin-shaped.  It  is  a  common  thing 
L  of  the  London  basin,  when  the  supracretaceous  rocks 
»ccur  in  this  supposed  basin,  seem  little  else  than  the  con- 
•n  of  a  great  belt  of  these  rocks  which  extends  through  Eu- 
the  north  of  Germany  towards  the  Black  Sea.  We  also 
theJsle  of  Wight  basin,  as  if  there  had  existed  a  separate 
>r  depression  in  that  particular  place ;  while  there  is  very 
ason  for  supposing,  (as  has  been  stated  by  Prof.  Buckland,) 
e  supracretaceous  deposits  of  London  and  the  lile  q>^  ^  v^X    ^ 
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have  once  been  continuous,  but  that  this  continuity  has  been  d 
stroyed  by  the  upheaving  of  the  chalk  beneath,  subsequenify 
the  deposit  of  these  rocks ;  and  that  the  intervening  upraised  pa 
tion  has  been  removed  by  denudation,  as  has  happened  to  nm 
thicker  and  harder  rocks.  The  same  with  the  Paris  basin,  wki 
may  have  easily  been  connected  with  those  above  mentioned,  m 
as  easily  separated  from  them,  by  movements  of  the  earth,  andl 
denudation.  It  may  therefore  have  happened,  that  these  so  caBi 
basins  were  formerly  continuous  portions  of  one  whole,  wU 
various  circumstances  have  disunited,  perhaps  even  during  d 
deposit  of  the  rocks  in  question ;  their  commencement  hafii 
been  in  a  sea  which  washed  the  older  strata,  and  extended  frfl 
the  west  of  Europe,  between  Scandinavia  and  northern  Gerauor 
towards  the  Black  Sea.  Outliers  of  these  rocks,  similar  to  thfl 
of  other  deposits,  are  seen  on  the  hills  in  the  West  of  Englaa 
attesting  their  elevation,  and  the  denudation  which  has  k 
stroyed  the  continuity  of  "their  mass,  and  left  detached  pti 
tions  like  islands  fringing  a  continent  In  consequence  of  d 
various  movements  of  lands,  and  the  denudation  either  com 
quent  on  them  or  some  other  cause,  the  barriers  of  many  a  {real 
water  deposit  are  removed ;  and  though,  from  analogy,  we  com 
der  them  as  formed  beneath  the  waters  of  lakes,  we  ore  total 
unable  to  point  out  the  shores  of  such  pieces  of  water.  The  stn 
dent  should  be  careful  to  keep  this  great  denudation  in  mind,  w 
only  as  applicable  to  the  rocks  under  consideration,  but  alio  i 
the  various  changes  and  deposits  that  have  previoudy  occuired 
indeed  he  may  consider  that  no  considerable  portion  of  the  earA' 
surface  has  ever  remained  long,  geologically  speaking,  in  a  stel 
of  rest ;  but  that  the  rise  and  depression  of  land,  and  the  remcm 
of  a  large  proportion  of  it,  have  been  frequent.  Even  in  the  rod 
now  treated  of,  he  will  be  called  upon  to  consider  that  there  hi 
been  an  alternate  rise  and  depression  of  land,  to  accoimt  for  a 
alternation  of  marine  and  fresh-water  deposits;  and  this  he  wi 
perhaps  be  the  more  ready  to  do,  as  he  has  already  seen  thi 
such  movements  of  the  land  have  happened  at  a  more  reotf 
period. 

Amid  so  great  a  variety  of  deposits,  attesting  such  di£feni 
modes  of  formation,  it  is  no  easy  task  to  know  where  to  begin  I 
the  descending  series,  or  what  may  be  precisely  contemporanecn 
In  this  difficulty,  perhaps  the  safer  course  is  to  consider  those  di 
posits  the  most  modem  which  contain  organic  remains  bearii^ 
the  closer  resemblance  to  the  animals  and  vegetables  now  ezistini 
Now  all  the  terrestrial  animals  found  in  caves  and  superfidi 
gravels,  marls,  and  sands,  whatever  may  be  the  theory  fonnei 
to  account  for  their  disappearance,  must  have  lived  upon  kni 
existing  at  the  period  under  consideration :  and  even  suppoiiii 
them  in  a  great  measure  destroyed  by  a  catastrophe,  there  i 


Supracretaceow  Group.  199 

Billing  to  prevent  their  having  been  abundantly  entombed  during 
their  residence  on  the  earth.  For  while  the  extinct  bears  and 
hjsnat  were  the  inhabitants  of  caverns,  generation  succeeding 
generadon  in  their  possession,  the  great  work  of  nature  was  pro- 
ceeding ;  and  the  elephants,  rhinoceroses,  hippopotami  and  other 
cdmaLs,  some  of  which  were  dragged  into  the  hyaenas'  dens, 
vere  perishing  from  old  age  or  accident,  and  their  remains  in- 
dided  in  the  various  deposits  then  forming.  The  same  with  land 
■d  firesh-water  animals,  marine  remains,  and  vegetables. 

The  nearer  also,  judging  from  organic  remains,  that  the  cli- 
.Mites  can  be  considered  fike  those  now  existing,  the  greater 
mid  appear  the  probability,  that  the  rocks  containing  them  oc- 
oqned  the  higher  part  of  the  supracretaceous  series.    Thus  in  the 

Xcs  we  should  expect  to  find,  among  the  most  recent  of  these 
,  remains  analogous  to  those  now  existing  in  similar  regions ; 
fldle  as  we  approached  each  pole,  we  should  be  prepared  to  dis- 
Mrer  organic  remains  corresponding  with  the  various  latitudes. 
Aififf  as  facts  have  yet  gone,  this  would  seem  to  be  the  case ;  for 
fte  fossil  vegetables  found  in  the  more  recent  strata  in  the  tropics 
ne  tropical,  while  those  discovered  in  contemporaneous  deposits 
■  Europe  are  not  so,  but  more  suited  to  the  climate ;  as,  for  in- 
riance,  the  vegetable  remains  of  CEningen*. 

In  the  supracretaceous  rocks  of  Italy  and  the  South  of  France, 
•d  probably  also  of  other  Mediterranean  countries,  there  seems 
better  evidence  of  the  nearer  approach  of  organic  life  to  that  now 
oiiting,  than  has  yet  been  pointed  out  elsewhere,  though  other 
evidence  is  not  wanting.  Indeed,  it  may  be  exceedingly  difficult 
to  leparate  the  actual  state  of  animal  and  vegetable  life  from  that 
vidcn  pireeeded  it  in  the  more  recent  deposits  of  Italy,  or  pre- 

*  Should  it  eventually  be  found,  that  the  organic  remains  discovered 
h  tropical  countries  are  always  characteristic  of  such  climates,  or  of  one 
ihidi  may  be  termed  ultra-tropical,  it  will  go  far  to  prove  that  the  axis 
tf  the  earth  has  not  changed,  but  that  the  present  equatorial  regions 
kne  always  been  under  the  influence  of  considerable  heat,  which, 
Aough  it  may  have  decreased  with  that  of  the  surface  of  the  world  ge- 
senlly,  still  produces  a  fieir  more  vigorous  vegetation  than  is  to  be  found 
h  the  north  or  south.  Should  attentive  examination  also  show  that  at 
I  certain  term  in  the  series  of  rocks,  the  nature  of  the  vegetable  and  ani- 
Ml  remains  found  entombed  in  the  tropics,  does  not  point  to  a  compa- 
ntivdy  more  elevated  temperature  than  a  similar  term  in  a  general 
laies  in  Europe,  or  in  any  more  northern  or  southern  latitude,  it  would 
■em  to  show  that  the  cause  of  this  equal  temperature  has  not  been  ex- 
knal  but  internal ;  for,  with  any  arrangement  that  may  be  made  in  the 
Nhtive  pmitions  of  the  earth  and  sun,  we  cannot  conceive  one  which 
Aoold  produce  an  equal,  or  nearly  equal  temperature  over  our  spheroid ; 
«Ule  we  might  conceive  such  a  state  of  things  possible,  if  an  internal 
Wtt  be  capable  of  producing  an  equable  surface  temperature,  indepen- 
dent, in  a  great  degree,  of  solar  heat 


1 


200  Supracretaceotu  Group. 

cisely  to  say  when  marine  remains  similar  to  those  now  existiiig   I 
in  the  Me<£terranean  were  raised  to  various  heights  above  it 

In  the  more  modern  supracretaceous  deposits  of  the  Apennino, 
commonly  termed  Sub-Apennine  rocks,  it  is  well  known  that  then 
is  a  mixture  of  species  such  as  now  exist  in  the  Mediterranean, 
and  of  those  found  in  warmer  climates.  The  deposit  noticed  Vf 
Mr.  Vernon  in  Yorkshire  may  not  be  far  removed  from  this  dat% 
as  land  and  fresh-water  shells  were  found  precisely  similar  totboM 
now  existing,  though  mixed  with  the  bones  of  elephants,  &c.*  ' 

According  to  M.  £lie  de  Beaumont,  there  exists  in  the  valleii 
of  the  Is^re,  Rhone,  Saone,  and  Durance,  a  large  deposit  of  rolM 
pebbles  and  sands,  clearly  distinguishable  from  that  which  accoB* 
panics  the  transported  blocks,  and  more  ancient  than  it.  Itii 
not  in  general  distinctly  stratified,  but  seems  rather  to  constitute 
a  deep  mass,  sometimes  several  hundred  yards  thick.  The  rolkd 
pebbles  can  all  be  traced  to  the  Alps,  and  are  unmixed  with  ii$ 
fragments  of  distant  rocks.  Lignite  occurs  in  it,  and  apparentif 
bears  the  marks  of  slow  deposit.  At  one  place,  (Vallon  de  Roiiei 
near  Pommiers,)  the  lignite  is  covered  and  supported  by  roDei 
pebbles,  and  is  itself  inclosed  in  a  fine-grained  and  earthy  bed: 
the  carbonaceous  mass  is  divided  into  even  strata,  between  wbicii 
numerous  shells  of  Flanorbes  are  discovered.  M.  Elie  de  Beatt* 
mont  remarks,  that  in  places  where  the  parts  are  slightly  aggluti- 
nated, the  sands,  mixed  with  mica,  strongly  remind  us  of  thoM 
now  brought  down  by  the  Rhone,  the  Isire,  and  the  Durance. 
This  sand  sometimes  becomes  marly  and  schistose,  containing 
fragments  of  lignite,  which  often  accumulate  into  sufficient  masses 
to  be  proifitably  worked,  the  lignite  being  included  between  strata 
of  clay,  marl,  or  fine  sand,  alternating  with  the  rolled  pebbkfl* 
The  lignites  of  St.  Didier  are  composed  of  the  flattened  trunks  of 
trees,  in  which  the  woody  fibre  can  still  be  traced.  M.  Elie  de 
Beaumont  considers  these  lignites  as  contemporaneous  with  those 
in  Savoy,  at  Noval^se,  Barberaz,  Bisses,  Motte-Serrolex,  and 
Sonnaz,  near  Chambery.  This  deposit  of  pebbles  and  sands  ii 
traced  through  the  plain  of  Bresse ;  it  is  observable  in  the  escaip" 

♦  Phil.  Mag.  and  Annals  of  Philosophy,  1829—1830.  We  should 
be  careful  to  recollect,  when  estimating  the  value  of  the  remsdns  of  any 
particular  species  or  genus  of  animals  found,  not  only  in  these  depodtiy 
but  in  the  fossiliferous  rocks  generally,  that  great  variations  are  pro- 
duced in  the  kind  of  animals  inhabiting  the  present  seas,  by  depth  of 
water,  the  strength  of  tidal  streams  or  currents,  the  greater  or  less  ei- 
posure  to  heavy  seas,  the  kind  of  bottom  in  particular  situations,  and  the 
nature  of  the  climate.  We  therefore  cannot,  if  we  reason  from  the  ex-* 
isting  state  of  things,  expect  to  find  the  same,  and  only  the  same,  organic 
remains  entombed  in  a  contemporaneous  deposit  over  a  considerable 
area,  for  such  a  supposition  would  infer  precisely  the  same  conditions  ortf 
the  whole  area,  a  state  of  things  that  cannot  be  considered  probable. 
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aents  of  the  Rhone  hetween  the  embouchure  of  the  Ain  and  Lyon, 
rith  the  same  characters  as  are  observable  in  the  department  of 
be  Isdre.  It  may  be  well  studied  near  Lyon,  and  is  seen  at  the 
wt  of  the  Jura  near  Ambronay  and  Ambrutrix.  Near  Ajou 
lere  is  a  deposit  of  bituminous  wood,  described  by  M.  H^ricart 
e  Thmy,  who  notices  beneath  a  mass  of  rolled  pebbles  and  ar- 
ilkceoos  marls:  I.  Blue  clay;  2.  Lignite ;  3.  A  bed  of  pebbles; 

Blue  clay ;  5.  Lignite  ;  6.  Blue  clay,  containing  the  branches, 
anks,  and  roots  of  trees,  more  or  less  well  preserved ;  7.  Red 
id  blue  clays ;  8.  A  bed  of  bituminous  wood,  very  thick  and  com- 
ict.  In  the  first  bed  of  lignite  there  was  sometimes  an  admix- 
le ;  pebbles  and  numerous  terrestrial  and  fluviatile  shells  were 
leovered  in  the  mass. 

M.  £lie  de  Beaumont  traces  the  deposit  in  other  directions,  and 
insiders  it  may  have  been  one  formed  in  the  waters  of  a  shallow 
ke,  which  existed  subsequent  to  the  elevation  of  the  Alps  of 
ivoy  and  Dauphin^,  but  prior  to  that  of  the  main  chain  from 
le  Valais  into  Austria.  The  various  pebbles  seem  clearly  to  be 
irived  from  the  Alps,  and  the  different  lignite  deposits  appear 
»  show  that. they  were  not  suddenly  transported  in  amass.  It 
lay  not  therefore  be  unreasonable  to  infer  that  they  were  car- 
ed forward  by  the  action  of  rivers  from  the  Alps  into  the  situa- 
ons  where  we  now  find  them.  The  time  required  for  this  would 
i  very  considerable ;  but  with  the  lignite  deposit,  as  a  part  of  the 
lass,  we  can  scarcely  refuse  it  a  gradual  formation*. 

The  same  author  points  out  that  this  mass  of  pebbles  should 
9t  be  confounded  with  those  collections  of  Alpine  pebbles  and 
tnds  which  constitute  a  very  considerable  deposit  on  either  side 
r  the  Alps,  known  commonly  by  the  name  of  Nagelfluhe  and 
[olasse  ;  and  which  had  not  only  been  previously  formed  and 
msolidated,  but  also  upheaved  before  the  pebbles  and  sands 
Oder  consideration  were  transported.  These  observations  in  the 
ime  district  are  highly  important ;  for  it  must  rarely  happen  that 
le  Nagelfluhe  and  Molasse,  the  pebbles  and  sand  now  treated 
t,  and  the  transported  substances  of  the  erratic  block  group,  can 
e  distinctly  seen,  as  it  were,  together,  under  circumstances  which 
lark  their  difference. 

We  should  expect  that,  previous  to  the  supposed  convulsion  at 
le  erratic  block  period,  such  marks  of  degradation  should  be 
fBTjrwhere  apparent;  and  that  the  occurrence  of  river-borne 
ebbles,  sands  and  clays,  would  be  sufficiently  common;  and 
rould,  when  not  removed  by  subsequent  debacles,  be  often  found 
leneath  deposits  formed  by  such  debacles. 

The  precise  age  of  the  celebrated  Bovey  coal  cannot  at  present 

*  Elie  de  Beaumont,  Recherches  sur  les  R^v.  du  Globe ;  Ann.  des 
Bd.Nat,  1829  et  1830. 
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be  well  determined,  but  may  conveniently  find  a  place  here.  A 
body  of  water  has  evidently  passed  over  it,  working  boUowB  m  tht 
clay,  and  leaving  a  large  deposit  of  transported  substances  in 
some  situations.  It  also  appears  to  have  been  tranquflty  depo- 
sited in  a  previously  existing  depression  at  this  spot.  The  arM 
comprising  the  surface  of  the  deposit  is  far  more  considerable 
than  is  usually  given,  and  it  has  certainly  once  occupied  a  greata 
elevation,  as  a  mass,  than  it  now  does,  the  upper  portion  having 
been  removed  by  denudation.  The  principal  deposH  of  HgniM 
occurs  near  Bovey  Tracy,  Devon,  at  the  north-western  end  d 
the  deposit.  The  upper  part  is  composed  of  quartzose  sand,  pEO* 
bably  derived  from  the  granite  coimtry  near,  of  portions  of  rocb 
of  the  immediate  neighbourhood,  and  of  rounded  pieces  of  clayi 
which  appear  portions  of  the  clay  that  accompames  the  Bo?^ 
coal  formation. 

Beneath  about  twenty  feet  of  this  head,  as  the  workmen  tent 
it,  there  is  an  alternation  of  compressed  lignites;  shales,  or  dan; 
the  whole  mass  dipping  at  about  20°  to  the  S.K  or  S.S.E.  Thfl 
lignite  is  evidently  composed  of  dicotyledonous  trees,  many  flf 
which  are  knotted ;  and  among  them  a  curious  seed  is  occasional^ 
discovered. 

Other  similar  parts  of  the  deposit  are  worked  for  profitable  pu^ 
poses :  but  its  most  useful  product  is  a  clay  used  in  the  potterieiy 
in  some  cases  so  fine  as  to  constitute  what  is  termed  pipe-cl^< 
Large  quantities  of  both  these  varieties  of  clay  are  annoalrf 
shipped  at  Teignmouth.  Lignite  more  or  less  accompanies  tlie 
clay  throughout,  occurring,  when  not  in  beds,  as  small  detached 
pieces.  Animal  remains  must  be  exceedingly  rare ;  for  I  comU 
not,  after  diligent  search,  obtain  any  traces  of  them,  though  I  wii 
eiven  to  understand  some  shells  had  been  seen  near  Teignbridgei 
This  deposit  has  been  considered  as  part  of  the  transported  gram 
named  Diluviimi,  as  also  a  representative  of  the  plastic  clay.  It 
will  have  been  seen  that  it  existed  previous  to  a  great  transport 
of  pebbles  in  this  district ;  and  it  seems  more  recent  than  the 
plastic  clay,  as  there  is  good  reason  to  suppose  that  deposits  d 
that  age  once  covered  the  chalk  and  green  sand,  now  so  extei' 
sively  denuded  in  Devonshire,  as  will  be  noticed  hereafter.  And 
it  does  not  seem  improbable  that  various  undulations  of  this  dh 
strict  had  been  formed  subsequent  to  the  deposit  of  the  plastif 
clay  series ;  which  undulations  did  not  very  materially  diner  ii 
character  from  those  we  now  see,  though  they  may  have  becfl 
greatly  modified  since.  Now  the  Bovey  coal  deposit  seemb  ti 
nave  taken  place  in  a  kind  of  basin,  after  a  general  arrangement 
of  hill  and  dale  in  the  vicinity;  for  it  is  exceedingly  conformabk 
to  their  windings,  even  seeming  to  run  up  some  valle3rs,  as  ft 
AUer  Mills,  not  far  distant  from  Newton  Bushel,  where  there  hii 
evidently  been  an  old  valley  excavated  in  red  sandstone  cohgio* 
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grauwacke,  limestone,  and  grauwacke  slate ;  and  in  this 
sate  beds  of  lignite  and  clay,  now  worked,  have  been  da- 
Tbe  deposit  nas  evidently  been  at  one  time  more  con- 
!  in  tbis  valley,  and  bas  been  denuded ;  for  on  Milber 
i  the  one  side  of  it,  and  on  some  biUs  on  tbe  other,  there 
!  accumulations  of  sands  and  rolled  flints;  and  although 
ibie  some  part  of  them  may  be  the  remains  of  the  green 
1  even  of  the  plastic  clay  series,  the  remainder  seems  to 
ned  part  of  the  Bovey  coal  deposit.  The  following  is  a 
f  these  rolled  flints  and  coarse  sand,  apparently  composed 
ited  quartz  and  flints,  and  possibly  also  chert,  on  that  part 
r  Down  facing  Ford. 

oUed  flints;   b  6,  coarse  Fig.  31. 

lie  disposition  of  the  two  ^ 

ly  characteristic  of  the  un-  .  ^-  r.-.,-^ ... 

sh  of  water,  the  velocities  VV-^-*:./ v  a-Cvi  «•-% 

have  not  been  constantly 
i  over  the  same  spot.  A 
nixture  of  the  clay  and 
ly  be  seen  near  Aller 
3n  an  inspection  of  the  whole  formation,  there  would, 
ly,  be  little  doubt  that  it  was,  as  before  stated,  deposited 
existing  depression  in  a  variety  of  rocks.  The  only  ques- 
-when  was  this  depression  formed?  For  my  own  part,  I 
iswer, —  after  the  plastic  clay  on  the  chalk  to  the  west- 
I  been  upheaved.  Without,  however,  the  more  direct 
Y  of  characteristic  organic  remains,  I  should  give  thi» 
rith  much  hesitation,  it  being  one  for  the  confirmation  or 
of  which  future  observations  are  very  necessary*.  Consi- 
lat  the  relative  age  of  the  valleys  in  this  part  of  £ngland 
ically  very  important,  I  have  been  induced  to  ofier  the 
tice,  as  it  may  lead  to  further  inquiry ;  though  the  detail 
(U  somewhat  exceeds  the  limits  that  should  be  assigned  it. 
ibt,  future  and  delicate  observations  will  detect  numerous 
or  transitions,  in  various  countries,  from  a  different  state 
1  and  vegetable  life  to  that  which  now  exists,  more  paiv 

rding  to  Mr.  Whiteway  and  M?.  Kingston,  who  have  possessed 
advantage  of  continued  local  observation,  the  Bovey  deposit 
liefly  of  five  clay  beds,  and  as  many  of  gravel,  the  latter  vary- 
$0  to  100  feet  in  width.  The  clay  beds  are  described  as  un- 
ike  the  waves  of  the  sea  i  and  it  is  stated  that  beneath  the  four 
;em  beds  the  Bovey  coal  is  found ;  while  below  the  more  east- 
e-clay  bed  (frequently  worked  to  the  depth  of  80  feet)  there 
d  white  quartz.  Near  the  S.E.  corner  of  Bovey  Heathfield, 
!  given  to  this  low  district,)  the  deposit  has  been  bored  to  the 
lOO  feet  without  traversing  it — Nat.  Hist  of  Teignmouth,  Tor 
vrlish,  &c. ;  by  Turton  and  Kingston. 
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ticularly  in  marine  remains,  not  so  liable  to  destniction  as  die 
inhabitants  of  dry  land.  It  was  long  considered  that  the  remaiM 
of  elephants,  rhinoceroses,  and  mastodons  were  confined  to  supo- 
4cial  gravels ;  but  we  now  know  that  they  are  entombed  deeper 
in  the  series  of  rocks,  and  were  inhabitants  of  the  globe  befoie 
the  Palaotherium  and  some  other  mammiferous  genera  became 
extinct. 

It  was  also  once  considered  that  the  supracretaceous  rocks  of 
England  and  Paris  presented  us  with  all  the  deposits  which  wen 
formed  between  the  chalk  and  the  present  times ;  and  this  theo- 
retical opinion  being  strongly  impressed  on  the  minds  of  geoikh 
gists,  it  was  very  natural  that  all  supracretaceous  or  tertiary  de* 
posits  should  be  considered  as  the  equivalents  of  some  one  <c 
other  of  those  detected  in  the  Paris  basin.  Such  generalization 
of  local  circumstances  are  common  in  the  history  of  geology,  uA 
are  such  as  would  be  expected  in  the  progress  of  any  science; 
for  until  our  knowledge  of  facts  becomes  extensive,  there  is  no* 
thing  to  check  such  opinions.  We  must  therefore  be  exceedingly 
careful  not  to  consider  our  power  of  checking  such  generalization^ 
as  evidence  of  a  clearer  sight  than  those  of  our  predecessors;  whik^ 
in  point  of  fact,  we  are  merely  in  possession  of  a  greater  mass  d 
facts,  and  are  therefore  enabled  to  turn  them  to  a  different  account 
Neither  should  we  be  unthankful  for  these  generalizations,  for  they 
have  promoted  inquiry,  and  have  probably  contributed,  far  more 
than  we  are  often  inclined  to  admit,  to  that  knowledge  which  we 
now  possess,  and  which  permits  us  to  see  that  such  generalizatiom 
are  untenable. 

The  Italian  deposits,  commonly  termed  Sub-Apennine  from 
occurring  at  the  lower  part  of  the  Apennines,  have  been  appealed 
to  as  good  examples  of  a  transition  or  passage  from  the  present 
state  of  things  to  one  wherein  animals  were  somewhat  different: 
and  this  appeal  seems  well  founded ;  for  among  the  shells  ^ 
covered  in  them,  there  are  some  which  closely  correspond  witk 
those  now  existing  in  the  Mediterranean ;  while  there  are  othen 
whose  analogues  seem  to  live  in  warmer  climates,  and  many  aie 
wholly  unknown. 

In  1829,  M.  Desnoyers  endeavoured  to  show,  1st,  That  all  Us- 
tiary  or  supracretaceous  basins  were  not  contemporaneous,  tut 
successively  formed  and  filled.  2nd,  That  this  succession  of  hasini 
may  have  resulted  from  frequent  oscillations  of  the  soil,  produced 
during  the  long  series  of  supracretaceous  deposits,  by  the  inflo' 
ence  of  volcanic  agents,  theh  very  considerable.  3rd,  ITiat  this 
difference  in  the  epoch  of  the  formation  of  basins  may  allow  us  to 
distinguish  many  great  periods  in  the  supracretaceous  or  tertisiy 
deposits,  some  stable,  others  transitory.  4th,  That  each  of  these 
periods  would  comprehend  deposits  formed  in  the  sea,  either  by 
the  sea  waters,  or  by  the  rivers,  and  deposits  formed  at  the  same 
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tmie  ont  of  the  sea,  by  lakes,  thermal  springs,  and  rivers ;  both 
the  one  and  the  other  offering,  according  to  the  basins,  every 
possible  variety  of  sediment.  5th,  That  the  basins  of  Paris,  Lon- 
don, and  the  Isle  of  Wight  only  contain  the  ancient  and  middle 
rapracretaceous  deposits.  6th,  That  the  last  lacustrine  rocks  of  the 
Seme  basin  did  not  therefore  terminate  the  series  of  these  rocks, 
Intt  that  many  formations,  both  marine  and  fresh- water,  have  sue- 
seeded  it  in  other  and  more  modem  basins.  7th,  That  these  more 
teeent  formations  appear  to  indicate  at  least  two  periods ;  to  which 
ve  may  add  that  with  which  we  are  contemporaneous.  8th,  That 
iD  these  periods  presented,  in  their  deposits  and  in  their  fossils, 
a  progressive  and  insensible  passage  from  one  to  the  other,  from 
rae  ancient  state  of  nature  to  the  present,  from  the  more  ancient 
npracretaceous  basins  to  the  actual  basins  of  our  seas.  This  author 
ilso  endeavours  to  establish  other  opinions,  which  may  however 
be  more  questionable ;  but  it  seemed  necessary  to  state  the  above, 
because  there  would  appear  to  be  much  truth  in  them,  and  because 
he  was  one  of  the  first  to  point  out  the  probable  zoological  passage 
of  the  ancient  supracretaceous  deposits  to  the  present  state  of 
dnngs,  though  he  was  not  the  first,  as  he  himself  remarks,  to 
ittribute  the  variations  observed  in  tertiary  or  supracretaceous 
burins  to  the  differences  produced  by  the  local  action  of  such 
canses  as  we  now  witness,  this  having  already  been  done  by 
MM.  Prevost,  Bou6,  and  other  geologists.  He  also  remarks  that 
tiie  continental  waters  would  carry  terrestrial  and  fresh-water 
shells  into  the  sea,  together  with  the  remains  of  the  large  mam- 
malia, such  as  the  Elephant,  the  Rhinoceros,  Mastodon,  and  Hip- 
popotamus, with  fluviatile  and  terrestrial  reptiles,  which  would 
Uins  become  mixed  up  with  Cetacea  and  other  marine  remains  *. 

M.  Desnoyers  presents  a  list  of  fossils  which  he  considers  to  be 

&e  remains  of  animals  which  existed  at  this  epoch.  Polypifers  : 

flfany  species  of  the  genera,  Reiepora,  Eschara,  FlustrOf  Celle- 

pora,  FavositeSy  Millepora,  Theonea,  Porita,  Alcyonium,    The 

]&08t  common  species  are  the  large  globular  Favosites  of  Guettard 

(t  iiL  pi.  28.  fig.  5.),  and  a  polypifer  approaching  an  Alcyonium, 

There  are  also  many  other  polypiferous  genera,  such  as  LunuliteSy 

Mlrea,  Caryophylliaj  &c.     Species  of  tnese  genera,  more  or  less 

luniUr,  are  found  at  Aldborough  in  Suffolk ;  in  the  brown  tuff  of 

Gaientan ;  at  Rennes ;  at  the  C16ons ;  at  Nantes ;  on  the  banks 

of  the  Layon;  near  Dou6,  &:c.     They  are  not  less  abundant  in 

^  basin  of  the  Rhone  than  in  those  of  the  Loire.  The  pol3rpifers 

oeeor  in  various  states; — ^rolled  and  broken,  as  on  an  ancient 

Mitt,  in  Touraine ;  disposed  as  a  sand,  as  in  a  deeper  sea,  at 

I)oii§;  in  place,  and  adhering  to  shells,  pebbles,  and  rocks,  on  the 

*  Desnoyers,  Obs.  sur  un  Ensemble  de  Depdts  marins  plus  recents  que 
^temdns  Tertiares  du  Bassin  de  la  Seine; — Ann.  des  Sci.  Nat  1829« 
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banks  of  the  Layon  (Maine  and  Loire) ;  and  as  a  solid  bed,  nuk  < 
as  occurs  in  the  ocean,  near  the  C16ons  (Loire-Infl§rieiire).  £cB^  i 
NiTEs:  Many  large  ScuteU€B,  such  as  the  ScuteUa  ntbrt^nmin  '^ 
(Scilla,  tab.  8 ;  Parkinson,  vol.  iii.  pi.  3.  fig.  2.),  and  ScuUUa  bifon 
(Park.  vol.  iii.  pi.  2.  fig.  6.),  are  found  abundantly  in  the  basins  of 
ihe  Loire,  the  Gironde,  the  Rhone,  at  Malta,  and  in  Sicily;  Clf 
peaster  alius  (Scilla,  t.  9.  fig.  1  and  2.),  C.  margiruUtu  (Sdlli^ 
t.  11.  lower  fig.),  and  C.  rosaceus  sometimes  accompany  them 
(Reggio  in  Calabria;  Malta;  environs  of  Dax;  and  Montpellier)|- 
and  even  seem  to  replace  them  (Corsica;  Sardinia;  Sieniis)^ 
CiRRiPEDA :  Balanus  Tintinnabulum,  B,  sulcatus,  B.  TuUpa,  Bi 
cylindricus,  B,  misery  B,  pustularis,  B,  crispatus.  These  are 
common  in  Italy,  and  especially  in  Piedmont,  and  are  for  ^0 
most  part  the  analogues  or  varieties  of  existing  species.  Soot  ae 
of  these  species  are  found  in  the  Loire,  where  there  are  also,  ii  ■ 
in  Dauphm6,  B,  Delphinus,  and  B.  virgatus  (Defrance).  Smalkr 
species  are  found  in  the  tuffs  of  the  Cotentin,  which  species  M.  . 
Defrance  has  named  B,  circinatus,  and  B,  communis,  and  are  ^0 
same  with  those  named  B.  tessellatus,  and  B,  crassus,  by  Sowerbf< 
Balani  are  abundant  in  the  sands  and  limestones  of  Dax,  of 
Beziers,  Narbonne  and  Montpellier;  throughout  the  basin  of  ths 
Rhone,  especially  in  the  environs  of  Marseille,  at  BoUne,  and  W 
Saint-Paul-Trois-Chateaux ;  in  the  shelly  molasse  of  Berne  and  p 
Lucerne ;  in  the  conglomerate  of  the  Leitha,  and  in  the  plains  of 
Hungary.  M.  Desnoyers  infers  from  the  habits  of  moden 
Balani,  that  the  seas  containing  those  enumerated  were  shallofW. 
Of  the  CoNCHiFERA,  the  most  common  species  are.  Area  DUvmi  P 
Cyprina  Islandicoides,  Pectunculus  puivinatus  (numerous  varie-  k 
ties) :  the  great  Terehratula  perforata,  Defr.  (Scilla,  1 16.  fig.  6.),  ■ 
considered  exceedingly  characteristic :  the  great  Oyster  with  tw  ^ 
long  spur,  of  which  many  species  have  been  made  under  the  namot  ^ 
of  Ostrea  longirostris,  O.  crassissima,  and  0.  virginiea  (Touraino^  ^ 
banks  of  the  Dordogne,  the  Garonne,  and  the  L6t;  Beziers;  Aix; 
Saint-Paul-Trois-Chateaux;  Berne;  BMe;  Vienna;  Messina): 
many  ribbed  species  of  Pecten,  P,  Solarium,  P.  latkostatus,  F* 
rotundatus,  P,  benedictus,  Lam.,  accompanied  by  small  specieiy  ) 
P,  lepidolaris,  P.  striatus,  Lam.,  P,  gracilis,  Sow.  Of  the  Moir 
LuscA  the  most  common  are,  Auricula  ringens  (very  abundant); 
Turritella  quadriplicata.  Bast.,  and  T,  incrassata,  Sow. ;  Pjffv 
la  clathrata,  P,  rusticula;  Cyprea  Pediculus,  and  C.  cocdnMi 
Cerithium  margaritaceum,  C,  papaveraceum,  and  C.  granulosuMj 
JRostellaria  Pes  Pelicani,  Crepidula  unguiformis,  Calyptraa  mMnr 
eata,  C.  sinensis  (var.),  Conus  deperditus,  &c.  The  above  are 
mixed  with  terrestrial  and  fiuviatile  shells,  which  sometimes  oceitf 
irregularly  interspersed,  while  at  others  they  alternate  with  them^ 
Sharks'  teeth  and  the  tritores  of  fish  are  common. 
Marine  Mammalia.  Tvro  Phoca,  one  Trichesus,  one  De^hmiity 
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I  at  least  one  spedes  oi  Lamantin,  described  by  Cuvier; — ^tbe 
lains  of  the  latter,  common  (Dou6,Touraine,  environs  of  Rennes 
L  Nantes,  Cotentin,  near  Dax,  and  some  other  places  in  the 
in  of  the  Gironde^.  There  are  Cetacea  in  the  snelly  molasse 
Dauphin^  (Genton),  in  the  Berne  molasse  (Studer),  in  the  sands 
Ifontpellier  (Marcel  de  Serres). 
iVithout  following  M.  Desnoyers  through  many  cases,  of  which 

relative  dates  may  be  questionable,  we  will  proceed  to  a 
kmcr  example,  where  there  would  appear  little  doubt  as  to 

ocliirence  of  the  remains  of  the  large  mammiferous  animal. 
led  in  more  ancient  strata  than  those  noticed  in  the  erratic 
ck  group.  There  is  a  mixture  of  the  remains  of  Mastodon  and 
Usotherium  in  the  basin  of  the  Loire,  in  the  Touraine  faluns. 
cording  to  M.  Desnoyers  the  bones  are  broken  and  worn,  their 
ntances  black  and  hard,  often  siliceous,  and  altogether  resem* 
Dg^  in  these  respects,  the  marine  mammalia  which  accompany 
an.  The  bones  are  stated  to  be  found  in  many  points  of  the 
i9t  fiiluns  to  the  east  of  Saint  Maure.  Some  are  covered  with 
rpuke  and  Flvstr€B,  showing  that  they  have  remained  as  bare 
les  for  some  time  in  the  sea.  The  remains  are  stated  to  be  those 
the  Mastodon  angustidens,  Hippopotamus  major?  H,  minutus, 
imoeeros  minutus,  and  also  one  of  the  larger  species  of  the  Ta- 
ta piganteus,  of  a  small  Anthracotherium,  PaUeotherium  mag-' 
my  the  Horse,  of  one  of  the  Rodentia  of  the  size  of  a  Hare,  and 
one  or  two  Deer.  The  same  author  states  that  a  mixture  of 
nes  of  the  Lophiodon  and  Palaotherium,  with  those  of  the  Mas- 
ion  Umiroides  and  middle-sized  Rhinoceros,  are  found  accom- 
nied  by  terrestrial  and  fluviatile  shells,  at  Montabuzard  *. 
It  has  long  been  known  that  at  Mont  de  la  Moli^re,  near  Esta- 
yer^  Switzerland,  the  remains  of  the  Elephant,  Rhinoceros,  Hog, 
yaena,  and  Antelope  occurred  in  the  molasse  of  that  hillf ;  and 
lemember  having  had  the  remains  of  the  Mastodon  and  Castor 
■nted  out  to  me  by  Professor  Meisner  of  Berne  in  1820,  as  having 
sen  obtained  from  the  lignite  of  the  Swiss  molasse  t,  so  that  the 
cobable  antiquity  of  these  large  mammalia  has  been  for  some 
me  remarked. 

Mr.  Murchison  states  that  at  Georges  Gemiind,  near  Roth,  beds 
t  sandy  marl  and  whitish  concretionary  limestone  occur  in  iso- 
M  patches  on  heights  about  150  feet  above  the  present  drainage 
f  tbe  district.  In  these  beds  are  subordinate  layers  of  calcareous, 
arnginous,  and  bony  breccia;  portions  of  which,  collected  by  this 
ttdior,  and  examined  by  Mr.  Pentland  and  Mr.  Clifit,  were  found 

*  Desnoyers,  Ann.  des  Siences  Naturelles,  1829. 

t  Bourdet  de  la  Nidvre,  Soc.  Lin.  de  Paris,  1825. 

X  Professor  Meisner  had  printed  a  notice  of  them,  with  a  plate,  in 
^work  then  in  the  course  of  publication  at  Berne,  but  of  which  Uie  exact 
^  has  escaped  my  recollection. 
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to  contain  the  remains  of  PaUBotherium  magnum;  Jlnoplotkirim 
(new  species) ;  a  new  genus  allied  to  Anihracoiherium  or  Lopik' 
don;  Hippopotamus;  Ox;  Bear,  &c.  According  to  Mr.  Mv* 
chison,  Count  Munster  had  previously  collected  nearly  similar  if* 
mains  from  the  same  place,  with  the  addition  of  those  oi  PaUto&h 
rium  Orleani;  Mastodon  minutus;  Rhinoceros  pygmmut,  Mmutf 
Urstis  speUeuSj  and  a  small  species  of  Fox  *. 

It  would  appear  that  this  curious  mixture  of  existing  and  a* 
tinct  genera  is  also  found  at  Friedrichsgemiind ;  for  M.  Bfi 
states,  that  a  calcareous  rock  there  contains  the  remains  of  ~ 
todon  Arvemensis;  Mast,  angustidens ;  PaUeoiherium  A\ 
nense;  Rhinoceros  incisivus;  Ch<Broptamus  Soemmeringu;  Lopi 
don;  a  small  carnivorous  animal;  Cervus;  Tortoise,  &c.     Hi 
calcareous  rock  also  contained  the  remains  of  a  Helix  f .    Hi 
same  author  also  notices  a  mixture  of  the  remains  of  the  Maith 
don  angustidens;  Mast,  Arvemensis ;  Rhinoceros  incisiims;  Lt* 
phiodon;  Tapirus  giganteus;  three  species  of  pig-like  animab; 
Cervus ;  Gigantic  Pangolin ;  carnivorous  and  other  animals,  ii 
discovered  at  £ppelsheim,  near  Alzey,  Hesse  %* 

How  far  the  various  deposits,  to  which  the  English  crag  htf 
been  added,  and  which  have  been  referred  to  one  epoch,  mij 
really  be  contemporaneous,  it  will  probably  require  much  time  ll 
determine ;  but  at  all  events  the  facts  stated  are  important,  as  tbflT 
show  that  the  Mastodons,  Rhinoceroses,  and  Hippopotami  existec 
as  genera  at  the  same  time  with  the  Lophiodon  and  PakeotherivMi 
and  that  the  former  continued  to  inhabit  certain  parts  .of  Europt 
when  many  molluscous  animals  existed,  similar  or  analogous  tB 
some  of  those  contemporaneous  with  ourselves. 

Great  mammalia  are  stated  to  be  found  in  the  blue  marl  of 
Italy,  at  Peruggia,  Parma,  and  the  Val  di  Metauro,  as  also  in  tin  ^ 
sandy  deposits  of  other  places  of  the  same  country. 

The  English  crag,  though  often  mentioned,  is  nevertheless  not 
yet  80  perfectly  known  as  it  should  be.    It  occupies  a  surface  widi 
a  variable  outline  in  Norfolk  and  SufTolk,  as  will  be  seen  by  Mr* 
Taylor's  map,  and  moreover  appears  to  be  somewhat  changealib 
in  its  character.    The  same  author  has  given  sections  of  it  in  hii 
"  Geology  of  East  Norfolk,"  where  it  will  be  seen  to  rest  indiffe- 
rently on  chalk  and  London  clay.    The  following  is  a  list  of  soon 
of  its  organic  remains,  as  appears  in  Mr.  Woodward's  "  Britiib  I 
Organic  Remains,"  including  the  same  author's  MS.  notes  on  d*    ' 
Norfolk  crag.     Polypifer  :  TurhinoUa  sepulta.     To  this  may  be    . 
added  a  great  variety  in  the  possession  of  Mr.  Taylor.    Radiaeu-' 
Fihidaria  Suffolciensis,    Ausvlat a  :  Dentalium  costatum,    Cii- 
ripeda:  Balanus  crassuSf  B.  tessellatuSf  B,  halanoides  ?  (Wood- 

•  Murchison,  Proceedings  of  Geol.  Soc.  May  1831. 

f  Meyer,  Acta  Acad.  Cses.  Leop.  Carol.  Nat  Cur.  voL  xr. 

X  Ibid. 
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wd.)  CoKCHiFERA :  Solen  siliqua  ?  Panopaa  Faujasii,  Mya 
nmmiOf  M,  Ptdlus^  M,  lata,  M.  subovata,  M,  truncata  ?  Mactra 
muftaf  Mactra  duhia,  M,  ovalis,  M.  cuneata,  M.  magna,  M,  Lis- 
tri  ?  Corhvla  complanata,  C,  rotundata,  Saxicava  rugosa,  Petri- 
via  laminosay  Tellina  obliqua,  T,  ovata,  T,  obtusa,  2\  prcetenuis, 
^jMona  arUiqtuUa,  L,  divaricata,  Astarte  plana,  A,  antiquata, 
i,  obliqnata,  A.  planata,  A,  oblonga,  A,  imbricata.  A,  nitida, 
i,  bipartita,  Venus  aqualis,  V.  rustica,  F.  lentiformis,  V,  gibbosa, 
r.  turgida,  Venericardia  senilis.  Fen.  cham<Eformis,  Fen,  orbicu- 
'mis,  Fen,  scaiaris,  Cardium  Parkinsoni,  C.  angustatum,  C.  edu- 
kutm,  Tsocardia  Cor?  Pectunculus  variabilis,  Nucula  laevigata, 
V.  CobboldiiBf  N,  oblonga,  Pecten  complanatus,  P.  snlcatus,  P.  gra- 
jKt,  P,  striatus,  P,  obsoletus  (3  var.),  P.  Princeps,  P,  grandis, 
\  reconditusy  Ostrea  Spectrum,  Terebratula  variabilis,  Mol- 
.U8CA :  Chiton  octovalvis  ?  Patella  aqualis,  P.  unguis,  P,  ferru- 
vneo,  jun.,  Emarginula  crassa,  E.  reticulata,  Infundibulum  rec- 
Mv,  /.  ienerum,  Bulla  convoluta,  B.  minuta,  Auricula  pyrami- 
U!w,  A,  ventricosa.  A,  buccinea,  Paludina  subaperta,  Natica  de- 
reua,  N,  hemiclausa,  N,  cirriformis,  N.  patula,  N,  glaucinoides 
far.),  Acteon  Noa,  A.  striatus,  Scalaria  frondosa,  S,  subulata, 
KfoUacea,  S,  minuta,  S,  similis,  S.  multicostata,  Trochus  laviga- 
Kty  T,  simiUs,  T,  concavus  (var.),  Turbo  rudis,  T,  littoreus,  lur- 
Uella  incrassata,  Tur,  punctata,  Tur.  striata,  Fusus  alveolatus, 
^.cancellattis,  Murex  contrarius,  M,  striatus  (2  var.),  M,  rugosus, 
2  Tar.),  M,  costellifer,  M,  echinatus,  M.  Peruvianus,  M.  tortU" 
SHU,  M,  alveolatus,  M,  corneus,  M.  elongatus,  M,  Pullus,  M.  bul- 
iformis,  M,  lapilliformis,  M,  gibbosus,  M,  angulatus.  Cassis  bica- 
enaia,  Buccinum  granulatum,  B.  rugosum,  B,  reticosum,  B.  tetra- 
>imum,  B,  propinquum,  B,  labiosum,  B,  sulcatum  (2  var.),  B,  in- 
ratsatum,  B,  elongatum,  B,  elegans,  B,  Mitrula,  B.  Dalei, 
BL  crispatum,  B,  tenerum,  Foluta  Lamberti,  Ovula  Leathsi, 
Imraa  coccinelloides,  C.  retusa,  C.  avellana, 

tt  has  been  stated  that  the  remains  of  the  great  mammalia  are 
nixed  with  these  fossils  in  the  crag,  but  it  does  not  so  clearly  ap- 
lear  that  this  has  been  the  case.  According  to  Smith,  the  remains 
if  a  Mastodon  have  been  there  found ;  aud  although  the  bones  of 
Elephants  and  other  animals  discovered  in  the  transported  rocks 
ibove  it  may,  without  great  care,  be  easily  confounded  with  the 
binls  of  the  crag,  there  does  not  appear  to  be  any  good  reason 
why  such  remains  should  not  be  discovered,  in  this  rock  as  well 
U  in  similar,  or  nearly  similar,  strata  in  other  parts  of  Europe. 

The  following  is,  according  to  Mr.  Taylor,  a  section  of  the  crag 
•trata  at  Bramerton,  near  Norwich,  whence  a  large  proportion  of 
the  organic  remains  noticed  in  this  rock  have  been  derived. 
1.  Sand,  without  organic  remains,  five  feet.  2.  Gravel,  one  foot. 
3*  Loamy  earth,  four  feet.  4.  Red  ferruginous  sand,  containing 
^occasionally  hollow  ochreous  nodules,  one  foot  and  a\ia\S.  b .  C;Q«x%^ 
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white  sand,  with  a  vast  number  of  crag  shells,  one  foot  and 
6.  Gravel,  with  fragments  of  shells,  one  foot  and  a  hal£  7. '. 
sand,  in  which  is  a  seam  of  minute  fragments  of  shells,  six 
thick ;  fifteen  feet  8.  Coarse  white  sand  with  crag  shells,  i 
to  No.  5.;  the  TeUince  and  Murices  are  the  most  abundant; 
feet  and  a  half.  9.  Red  sand  without  organic  remains,  fiftee 

10.  Loamy  earth,  with  large  stones  and  crag  shells,  oni 

11.  Large  irregular  black  flints  crowded  together,  one 

12.  Chalk,  excavated  to  the  level  of  the  river*. 

It  will  be  observed  from  this  section  that  the  transportmg 
of  water  has  been  sufficient  to  carry  coarse  sand,  and  even  { 
and  that  at  one  time  (No.  7.)  there  has  been  a  drift  of  i 
shells.  Mr.  Taylor  has  shown  me  other  sections  of  the  crag 
which  present  those  diagonal  lines  so  frequent  in  mechanica! 
of  all  ages,  where  there  have  been  irregular  currents  of 
From  this  circumstance,  and  from  the  variations  in  the  com] 
parts  of  the  sections,  there  would  appear  reason  to  believe  t£ 
crag  strata  were  deposits  from  irregular  ciurents  of  water,  v; 
in  tneir  velocities  and  consequent  transporting  powers.  W 
gard  to  the  unrolled  chalk  flints  upon  which  the  crag  strat 
they  remind  us  of  the  apparent  dissolution  of  a  portion 
chalk  in  place,  so  common  over  a  large  part  of  £nglan 
France,  previous  to  the  deposit  of  the  supracretaceous  rock 

If  we  look  to  the  Alps,  we  find  on  all  sides  of  that  chain  1 
various  depths  of  sandstones  and  conglomerates,  forming  a 
of  very  considerable  thickness.  If  we  also  attentively  ex 
the  component  parts  of  the  sandstones  and  conglomerati 
find  that  the  former  are  generally  mere  comminuted  porti 
the  latter,  and  that  both  have  been  derived  from  the  Alps, 
whole  is  evidently  a  detritus  of  the  Alpine  rocks,  and  in  it  o 
remains  are  by  no  means  common,  though  they  occur  in  c 
situations.  Such  general  appearances  would  seem  to  indj 
common  origin,  and  that  origin  to  be  the  Alps  themselves.  '. 
and  comminuted  detritus  of  the  kind  found  may  either  be  d 
by  the  continued  action  of  what  are  termed  actual  causes,  oi 
more  violent  exertion  of  forces,  which,  producing  rapid  n 
in  water  and  greater  destruction  of  the  land,  should  accom] 
far  greater  quantity  of  work  in  a  given  time. 

It  is  quite  evident  that  in  certain  parts  of  the  Alps,  wh 
may  be  the  case  in  others,  these  detritus  beds  rest  unconfor 
on  many  limestone  and  other  rocks,  of  which  some  may  be  re 
to  the  cretaceous  and  others  to  the  oolitic  series.  It  also  < 
appears  that  subsequent  to  their  deposit  they  have  been  t 
up  by  some  force,  which,  from  the  evidence  of  position  of 
must  have  proceeded  from  the  interior  of  the  Alps,  as  the 

*  Taylor,  GeoL  Trans.  2nd  series,  vol.  i. 
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tilted  up  from  it  on  either  side ;  it  thus  appearing  as  if  a  force 
bad  endeavoured  to  thrust  the  main  body  of  the  Alps  higher  up- 
wards, and  had  consequently  upheaved  the  lateral  deposits  of 
cong^merates  and  sandstones  wim  it.  The  two  foDowing  sections, 
one  on  the  north  side  of  the  main  chain  of  the  Righi  near  Lucerne, 
l)ie  other  on  the  south  side  of  the  same  chain  near  Como,  show 
tiie  disturbed  appearance  of  the  conglomerates.  Fig.  32  is  from 
tibe  obaervations  of  Dr.  Lusser ;  Fig.  33  is  a  sketch  by  myself. 


Fig.  32. 


Fig.  33. 


lj_l 


b      b       a  a 

Fig.  32.  m,  Murteberg;  r,  Righi;  a  a,  limestone  and  shales, 
containing  nummulites  and  other  fossils;  b  5,  conglomerate  of 
idled  pebbles,  composed  of  pieces  of  pre-existing  Alpine  rocks. 
fig.  33.  a  a,  verticafor  nearly  vertical  beds  of  gray  limestone  (con- 
taining much  silex)  covered  by  the  conglomerates  and  sandstones 
I  h,  also  composed  of  pre-existing  Alpine  rocks.  There  will  be 
litde  doubt  in  the  mind  of  the!  reader,  that  the  conglomerates  have 
been  upraised  since  their  deposit,  and  even  have  been  thrown 
over  at  the  Righi,  if  the  appearances  between  that  mountain  and 
the  Murteberg  may  not  be  caused  by  a  fault*.  There  is  also 
another  curious  fact,  which  is,  that  limestone  strata  near  Como 
Have  been  upheaved  before  the  deposit  of  the  conglomerate. 

If  we  transport  ourselves  from  Como  to  the  Maritime  Alps,  we 
find  that  these  also  have  been  upheaved  before  the  deposit  of  the 
tolled  fragments,  which  are  clearly  derived  from  the  high  adjacent 
coimtnr.  The  rocks  upheaved  in  the  vicinity  of  Nice  are  compact 
white  umestones,  with  gypsum,  or  arenaceous  limestones  and  beds 
duorged  with  green  grains ;  which  latter  may,  perhaps,  be  referred 
to  the  cretaceous  group :  but  there  are  other  rocks  more  eastward 
diarged  with  Nummulites  and  other  fossils,  which  may  belong  to 
Bome  deposits  that  will  be  noticed  in  the  sequel. 

While  on  the  sul^ect  of  Nice,  it  may  be  as  well  to  notice  the 
rapracretaceous  rocks  of  that  place  generally.  After  the  more  re- 
nuar  strata,  before  noticed,  were  upheaved,  the  relative  level  of 
uiesea  and  the  Maritime  Alps  must  have  been  very  different  from 

*  M.  Ebel  assured  me  (while  at  Zurich  in  1829)  that  this  overthrown 
chantcter  was  more  considerable  in  other  situations  in  the  line  of  the 
Righi :  it  is  exceedingly  desirable  that  this  should  be  distinctly  deter- 
mined to  be  an  overthrow  of  the  strata,  and  not  a  great  longitudinal 
fiuUt,  which  might  easily  accompany  a  great  longitudinaX  u^tv&e  q{«>\s^\»m 
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what  it  is  at  present,  for  at  the  height  of  1017  feet  on  the  western 
side  of  Mont  Cao  (or  Calvo),  hlocks  of  the  same  rock  of  which  the 
mountain  is  composed,  namely,  white  compact  limestone  and  do- 
lomite, hear  marks  of  having  heen  pierced  hy  lithodomous  sheik; 
and  this  has  been  accomplished  dming  a  period  of  comparatnre 
tranquillity  ;  for  the  fragments  of  rock  are  angular,  and  have  evi- 
dently not  been  transported  from  any  considerable  distance.  The 
same  kind  of  breccia  covers  the  side  of  the  mountain,  separating  a 
great  mass  of  rolled  pebbles  and  sandstones  from  the  mass  of  ^s- 
turbed  white  limestone  of  which  the  mountain  is  composed,  the 
hlocks  still  drilled  with  holes,  as  may  here  and  there  he  obsenred. 
At  the  base  of  Mont  Cao,  and  at  a  place  named  the  Fontaine  du 
Temple,  there  is  an  excellent  section  of  this  breccia,  where  the 
limestone  blocks  are  angular,  and  sometimes  of  large  size,  weigh- 
ing many  hundred  pounds.  They  are  still  drilled  with  holes, 
such  as  are  formed  by  boring  shells,  and  are  encased  in  a  cement 
composed  of  siliceous  grains  agglutinated  by  calcareous  matter. 
The  whole  therefore  appears  like  a  state  of  repose ;  but  if  further 
proof  were  requisite,  it  would  be  found  in  certain  shells  which 
have  much  the  appearance  of  Spondyliy  the  lower  valves  of  which 
are  attached  to  the  blocks,  not  only  near  the  Fontaine  du  Temple 
but  higher  up  in  the  mountain,  and  the  cement  has  gently  covered 
up  the  finest  of  their  edges.  Now  if  there  had  been  any  con- 
siderable motion  of  the  water,  more  than  is  conmion  in  moderate 
currents,  this  could  not  have  happened ;  for  the  fine  edges  of  the 
shells  (and  they  are  very  fine,)  must  have  been  destroyed. 

If  we  proceed  to  the  shores  of  the  present  sea,  we  also  find 
evidences  of  a  tranquil  residence  of  water  over  the  disturbed 
strata;  for  beneath  the  Chateau  de  Nice  we  observe  an  open 
crack  pierced  by  lithodomous  shells,  and  these  shells  still  remain- 
ing in  the  holes ;  and  we  know  that  this  happened  before  the  epoch 
when  such  an  abundance  of  rolled  Alpine  pebbles  was  carried  over 
this  district,  because  we  find  part  of  the  cleft  filled  up  by  thenoy 
burying  many  of  the  holes  and  their  inmates.  That  this  residence 
of  the  sea  was  not  momentary  is  shown,  as  before  observed  under 
the  head  of  Osseous  Breccia,  by  the  different  size  of  the  lithodo- 
mous shells  and  holes,  great  and  small  being  mixed  with  each 
other,  affording  evidence  of  a  difference  of  their  ages. 

In  this  deposit  I  have  only  detected  a  very  large  Pecten,  found 
also  in  Piedmont,  the  lithodomous  and  other  shells  before  no- 
ticed, the  tooth  of  (perhaps)  a  Saurian,  and  some  smaller  species 
of  Pecten ;  but  no  doubt  a  more  extended  search  would  amply 
repay  the  geologist. 

Near  the  Fontaine  du  Temple  are  some  gray  marls,  resting  on 
the  above,  which  probably  constitute  the  base  of  the  blue  or  gray 
marly  clay,  which  next  succeeds  in  the  order  of  superposition.  This 
day  contams  a  great  abundance  of  marine  remains,  which  have 
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been  enumerated  by  M.  Risso  *,  and  of  which  many  are  identical 
with  those  noticed  by  Brocchi  in  the  Sub-Apennines.  With  them 
▼egetable  remains  are  discovered,  but  these  are  rare.  There  is 
nothing  in  this  deposit  which  does  not  mark  a  continuance  of  a 
comparative  state  of  repose.  The  most  delicate  shells  are  well 
preserved,  and  all  their  fine  edges  are  uninjured.  Next  follows  a 
very  different  state  of  things,  one  in  which  pebbles  of  the  Alps 
have  been  rounded  by  attrition  and  conveyed  by  the  force  of 
water  over  the  deposits  that  have  been  proceeding  so  quietly. 
This  force  has  often  torn  up  the  superficies  of  the  clay  beds,  as 
must  necessarily  happen,  whether  the  currents  of  water  thus  pro- 
duced be  considered  as  the  currents  of  rivers  or  those  of  the  sea ; 
fcr  the  force  or  velocity  of  water  capable  of  transporting  pebbles 
must  necessarily  be  too  great  to  permit  clay  or  marl  to  remain  at 
rest;  it  consequently  must  cut  it  up,  and  leave  the  surface  uneven, 
producing  an  irregular  mixture  of  clay,  gravel,  and  sand  at  the 
line  of  junction.  Now  this  is  precisely  what  it  has  done,  as  may 
be  seen  by  the  following  section,  which  is  not  uncommon  in  the 
Talleys  formed  in  the  supracretaceous  deposit  near  Nice,  and 
"which  only  exhibits  the  unconformable  character  of  the  two  rocks, 
it  being  aJmost  superfluous  to  adduce  examples  of  the  mixture. 

Section  of  the  Valley  of  La   Madelaine.  Fig.  34. 

c  c,  bed  of  the  torrent ;  a,  blue  marly  clay ; 
h  bf  beds  of  rolled  Alpine  pebbles.  This  gravel  b 
and  sand  deposit  is  of  very  considerable  thick- 
ness, and  dips  gently  seaward,  sloping  up  to 
the  hills.  It  spreads  out  like  a  fan,  the  point  a 
or  centre  of  the  radii  being  inwards  towards 
the  mountains.  This  form  will  not  help  us  in 
determining  whether  the  deposit  was  successive  during  a  long 
series  of  years,  by  means  of  a  river,  or  was  more  sudden,  and  caused 
bjrmore  violent  rushes  of  water.  Be  this  as  it  may,  it  is  quite  clear 
that  the  causes  which  have  operated  in  this  district  have  not  been 
always  the  same.  A  period  of  comparative  repose  has  been  suc- 
ceeded by  one  of  somewhat  considerable  motion ;  and  if  the  whole 
were  considered  as  derived  from  river  detritus,  we  must  suppose 
that  this  river  was  at  first  by  no  means  rapid,  and  afterwards  ac- 
<iwred  considerable  velocity ;  that  it  continued  a  quiet  river  for  a 
^nsiderable  period,  after  which  it  became  a  rapid  ciurent,  no 
longer  transporting  mere  argillaceous  and  calcareous  particles, 
but  sand  and  pebbles.  The  only  mode  of  reconciling  these  ap- 
pearances with  the  river  hypothesis  seems  to  be  the  supposition, 
that  originally,  up  to  and  including  the  period  of  the  clay  with  its 
shells,  the  river  was  one  with  a  small  current,  and  that  the  silt 
Was  d^osited  at  a  distance  from  the  shore; — that  the  relative 

*  Hist.  Nat  de  I'Europe  M^ridionaXe. 
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levels  of  sea  and  land,  owing  to  tbe  elevation  of  the  latter,  were 
somewhat  suddenly  changed,  and  that  the  river-courae  was  length- 
ened, and  the  velocity  of  the  current,  from  the  increased  declivi^    ^ 
of  the  bed,  became  sufficient  to  transport  pebbles  over  the  day*. 

Whether  we  admit  this  hypothesis,  or  that  of  a  more  saddea    r 
rush  of  waters,  a  considerable  rise  of  land  would  seem  requisite^   k 
as  also  that  the  force  was  exerted  between  the  deposit  of  the  dnr  \ 
and  that  of  the  pebbles.     If  we  suppose  a  sudden  rise  of  lan^   c 
causing  a  difference  of  levels,  to  the  height  required,  probably  t  \ 
thousand  feet  and  more,  the  body  of  waters  in  the  vicinity  wooU  j 
be  thrown  into  motion.    The  waves  being  in  proportion  to  ^  ^ 
disturbing  force,  and  the  upraised  and  fractured  land  being  efr-  P 
posed  to  all  its  violence,  rounded  pebbles  would  be  formed  a 
abundance,  and  the  superficies  of  the  clay  washed  into  inequalitiei. 

It  might  be  considered  from  a  glance  at  the  Maritime  A^ 
that  the  clay  and  tHe  pebbles  alternated,  and  that  these  altenuf- 
tions  merely  showed  a  deposit  of  one  kind  at  one  time,  and  of 
another  deposit  at  another ;  and  certainly  there  are  places  where 
they  do  seem  to  alternate  to  a  certain  extent,  particularly  at  the 
line  of  junction.  This  occurs  at  Vintimiglia,  where  the  alterna- 
ting clays  contain  organic  remains ;  but,  nevertheless,  the  base  of 
the  deposit  at  that  place  is  clay,  many  hundred  feet  deep  (be- 
neath the  Castel  d'Appio),  and  the  top  is  a  mass  of  pebbles.  So 
that,  under  either  hypothesis,  we  are  compelled  to  admit  a  great 
change  in  the  velocities  of  water  passing  over  the  same  situation, 
one  firom  slow  to  rapid ;  and  it  seems  difficult  to  explain  this  on 
any  other  principle  than  a  change,  more  or  less  sudden,  in  tbe 
relative  levels  of  the  sea  and  land. 

This  superposition  of  gravel,  in  which  the  rolled  fragments  aie  |f 
sometimes  by  no  means  small,  showing  a  considerable  change  in 
the  velocity  with  which  water  has  passed  over  the  same  countiy, 
is  not  confined  to  the  environs  of  Nice  and  Vintimiglia,  but  is  tone 
noticed  in  other  situations  between  these  places  and  Genoa,  and 
extends  on  the  other  side  of  the  gulf  into  other  parts  of  Italy. 
The  clay  is  not  always  present,  the  causes  that  produced  it  not 
having  acted ;  but  I  have  here  and  there  observed  firagmenta  of 
rock  beneath  the  mass  of  sand  and  pebbles,  which,  by  their  anfnr 
larity,  position,  and  occasional  mixture  with  unbroken  fosmi, 
seem  to  show  that  they  have  not  participated  in  the  transport  d 
rolled  pebbles. 

If  we  enter  the  body  of  Italy,  and  continue  towards  Florenoe 
.and  Rome,  we  find  a  series  of  sands,  marls  or  clays,  which  con- 
tain many  of  the  organic  remains  of  the  Nice  rocks,  and  were 

*  It  should  be  observed,  that  in  certain  situations  the  marl  becomei 
arenaceous  at  top,  changing  into  a  sand ;  seeming  to  show  that  the  trao^ 
porting  power  had  increased  more  gradually  in  some  situations  than  ia 
odien. 
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contemporaneous  with  them;  and  we  may  here  also 
I  change  in  the  velocity  of  the  water  which  has  deposited 
ent  substances.  Thus  between  Sienna  and  Florence  we 
enre  a  succession  of  clay  or  marl,  sand  and  pebbles,  the 
rticularly  abundant  on  die  approach  to  Florence,  and  ap- 
constituting  the  upper  beds.  It  would  therefore  appear 
phsnomena  noticed  near  Nice  are  not  altogether  local, 
hey  may  be  modified  by  local  causes,  but  somewhat  gene- 
eed  the  structure  of  many  rocks  on  the  other,  or  Adriatic 
he  Apennines,  shows  that  they  merely  form  a  part  of 
!at  whole,  if  we  look  at  their  mode  of  deposit,  even  in- 
it  of  organic  remains,  which  are  found  closely  to  agree. 

no  doubt  be  easy  to  state  generally  certain  facts  that 
>b8erved  in  the  great  gulf  of  supracretaceous  rocks  which 
into  the  northern  part  of  Italy,  between  the  Apennines 
I,  and  thus  to  present  an  appearance  of  knowledge,  and 
ate  acquaintance  with  the  whole  mass.  The  more,  how- 
lave  looked  into  parts  of  this  mass,  the  more  I  am  con- 
lat  our  knowledge  of  those  data,  that  we  ought  to  possess 
e  generalize,  is  imperfect  Certainly  the  Sub-Apennine 
id  sands  preserve  a  general  character  down  the  whole 
*  the  Apennines  into  the  Adriatic,  and  from  the  abun- 
id  nature  of  their  fossils  have  attracted  considerable  at- 

but  itheir  various  connections  with  other  rocks,  more 
irly  with  those  beneath  them,  and  these  again  with  others, 
ires  much  attention,  judging  at  least  from  published  do- 
If  the  geologist  would  make  a  careful  section  from 
to  Foligno,  on  me  road  to  Rome,  over  the  Apennines, 
1  find  much  to  reward  his  labours;  or  if,  instead  of  pur- 
.6  high  road,  he  were  to  keep  the  coast  from  Ancona, 
irve  the  various  rocks  as  they  successively  plunge  into  the 
,  and  thus  avail  himself  of  coast  sections,  he  would  be 
g  good  service  to  science.  He  would  find  the  white  lime- 
the  main  chain  contorted  and  twisted  in  every  direction, 
ny  of  those  rocks  which  rest  upon  it  not  quite  so  quietly 
L  upon  it  as,  theoretically,  they  ought  to  be.  He  would 
erve  some  curious  instances  of  denudation  in  the  more 

rocks,  producing  numerous  isolated  and  steep  hills, 
.  by  towns  and  vmages,  the  picturesque  arrangement  of 
if  he  be  also  an  admirer  of  beautiful  scenery,  wiU  add  not 

0  the  pleasures  of  his  journey. 

e  basin  between  the  Jura  and  Alps,  in  Switzerland  and 
nto  Austria,  there  are  immense  accumulations  of  rolled 
and  sands,  known,  generally,  by  the  names  of  Nagelfluhe 
asse,  the  whole  composed  of  Alpine  detritus,  and  entomb- 
sstrial,  fresh-water,  and  marine  remains.  Various  artificial 

1  have  been  made  in  this  masiy  and  parta  oi  il  \3an^\a«^ 
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considered  equivalent  to  deposits  in  the  Paris  basin,  i .  e.  oj 
poraneous  formation  with  them.  M.  Studer,  who  has  exanvifl 
this  mass  in  Switzerland  with  considerable  attention  *,  agreeiff  V^ 
M.  Brongniart  in  referring  the  molasse  to  an  epoch  posterior ' 
the  gjrpseous  deposit  of  the  Paris  basin.  To  whatever  relativ6l|f 
parts  of  this  mass  may  be  referred,  the  mineralogical  charac^  ^ 
the  accumulation  would  seem  to  show  that  it  was,  as  a  mass,  pl^ 
duced  by  nearly  similar  causes,  such  as  effected  a  degradation  f^ 
and  a  transport  from,  the  Alps. 

The  pebbles  are  generally  of  that  magnitude  which  it  wouM 
quire  water  moving  with  considerable  velocity  to  transport 
therefore  should  inquire  what  current  or  currents  would  be  aUe 
produce  the  effects  required.  If  we  can  obtain  a  probable 
nation  of  the  maximum  effects,  we  may  perhaps  search  for 
minor  effects  in  a  less  intense  exertion  of  the  same  forces. 
Studer  considers  that  there  is  evidence  of  the  more  recent 
being  furthest  from  the  Alps,  and  nearest  to  the  Jura;  this  is 
cisely  what  would  be  expected  either  by  the  hypothesis  of  the 
tinued  action  of  meteoric  causes,  or  by  that  of  a  series  of  del 
from  the  Alps.  If  rivers  have  effected  the  transport  of  the 
bles,  they  must,  from  the  size  of  the  pebbles,  have  had  considei 
velocity.  We  should  expect  the  rivers  to  push  forward  their  ^ 
tritus  into  the  great  basin  between  the  Alps  and  the  Jura:  Ml 
being  once  freed  from  the  high  mountains  and  their  rocky  chli^ 
nels,  they  would  endeavour,  as  all  rivers  do  when  not  cut  offljf' 
rapid  tides  and  currents,  to  produce  deltas,  and  these  might  at  firiH 
cause  mixtures  of  gravel,  sand  and  clay;  but  the  more  they  wot 
advanced  the  greater  would  be  their  tendency  to  a  horizonlril 
arrangement,  and,  consequently,  the  less  the  velocity  of  the  cuncB^^ 
and  the  smaller  the  transporting  power.  Therefore  the  same  lifff 
which  could  once  carry  large  pebbles  to  the  sea  would  after  a  liMi 
of  time  be  unable  to  do  so,  unless  an  elevation  of  the  mountaui^ 
whence  it  flowed,  should  cause  a  hew  system  of  levels,  and  tin 
river  thus  acquire  increased  velocity,  transporting  pebbles  oftf 
the  ground,  which  it  formerly  only  covered  with  silt  or  sand.  Hi 
question  then  arises.  Will  the  height  of  the  Alps,  compared  niA 
the  distance  from  these  mountains  at  which  large  pebbles  tft 
found,  permit  us  to  consider  the  transport  of  these  pebbles  ponibll 
by  rivers?  In  answering  this,  we  must  be  careful  to  exclude  thou 
superficial  gravels  scattered  over  the  lower  lands,  and  down  Al 
great  valley  of  the  Rhine,  the  transport  of  which  it  seems  diffieoft 
to  conceive,  except  by  means  of  water  moving  with  a  greater  Tvit' 
city,  and  in  a  greater  body,  than  any  river  flowing  from  the  Abi 
could  possess.  We  should  only  consider  those  sand-  and  peVu^ 
beds  wnich  constituted  the  hills  on  the  outskirts  of  the  Alps  bfliii 

*  Monographle  der  Molasse,  Berne,  1825. 


Svpracretaceous  Group.  217 

^  were  denuded  as  we  now  see  them.  To«do  this  fairly  would 
^f^pSst  Bome  exceedingly  delicate  calculations;  and  we  should  re- 
'BAber  that  the  warmer  the  climate  the  higher  the  line  of  perpe- 
^  flunr,  and  consequently  the  greater  would  be  the  fall  of  the 
^MUQOg  waters.  On  the  river  theory,  we  shall  also  have  to  account 
^  tiie  extraordinary  equalization  a£  the  Alpine  pebble-beds,  and 
^orgeneral  resemblance  throughout  so  long  a  line  of  country, — a 
iBmewJiat  difficult  task;  for  if  rivers  formed  the  mass,  each  river 
noold  transport  its  own  detritus  and  push  this  forward ;  and  though 
ieo*  various  deltas  might  ultimately  meet,  there  would  be  no  stra- 
BeatioQ  common  to  the  whole  mass,  but  one  peculiar  to  each  delta. 
18  older  or  first  transported  Alpine  detritus,  marking  the  com* 
neement  of  this  great  degradation  of  the  Alps,  rests  remarkably 
m,  over  considerable  spaces,  on  the  rocks  beneath  them,  which 
icarcely  consistent  wim  their  delta  or  river  formation.  That 
•e  latter  now  form  as  much  a  part  of  the  great  transverse  val- 
■  as  any  rock  beneath,  rising  to  the  height  of  several  thousand 
fc,  is  no  objection  to  the  river  hypothesis ;  for  the  causes  which 
leaved  the  Alps  would  upheave  these  beds  with  the  rest,  and 
y  would  be  traversed  by  the  transverse  cracks  equally  widi  the 
er  rocks. 

Jpon  the  hypothesis  that  the  pebbles  and  sands  have,  in  a  great 
uure,  been  transported  from  the  Alps  by  debacles,  caus^  by 
rements  in  the  Alps  themselves,  which  produced  correspond- 
aeitation  in  the  seas  that  bathed  their  sides,  it  is  not  required 
fc  uese  mountains  should  have  been  so  lofty  as  seems  necessary 
ler  the  river  hypothesis;  and  the  whirling  of  the  waters  and 
rents  produced,  might  equalize  the  detritus  in  beds, — not  only 
fc  detritus  which  might  be  broken  away  during  a  convulsion,  but 
that  previously  formed  by  the  rivers,  and  on  the  beaches  and 
taSy  wnich  would  give  way  before  the  force  employed, 
^ile  on  this  subject,  let  us  for  a  moment  consiaer  the  Swiss 
tm,  which  occur  precisely  where  they  should  not,  if  rivers  are 
»e  considered  the  only  excavating  forces.  The  lake  of  Con- 
loe  is  contained  in  the  rocks  under  consideration ;  the  lake  of 
neva  partly  in  them,  and  partly  out  of  them  in  older  rocks ;  the 
e  of  Lucerne  the  same;  and  the  lake  of  Neufchatel,  with  one  of 
■idea  bounded  by  the  Jura,  and  the  other  by  the  molasse  and 
pdfluhe.  .  No  supposition  of  river  excavation  can  meet  these 
ea;  for  the  moment  the  velocity  ceases,  then  will  the  excavating 
rer  cease  with  it;  and  we  cannot  conceive  a  river  cutting  out  a 
np  bann  bounded  on  all  sides  by  equal  levels,  the  drainage  of 
wh  if  nearly  on  a  level  with  the  entrance  of  the  river  into  the 
in :  but  under  the  h3rpothesis  of  a  mass  of  waters  thrown  into 
talion,  the  difficulty  does  not  appear  to  be  great;  for  amid  the 
loiit  whirls  and  great  eddies  of  water,  inequalities  of  all  kinds 
tft  be  formed ;  and  although  the  depreflBioxiB  mvj  v^"^^^  \a  \3ka 
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considerable,  they  are,  when  compared  with  the  general  sir 
cies  of  land,  trifling.     If  we  suppose  a  body  of  waters  sndi 

Eoured  out  of  the  great  transverse  valleys  of  the  Alps,  it  i 
ave  a  tendency  to  cut  up  the  ground  where  first  discharged 
the  low  lands,  before  it  had  lost  its  great  velocity.  I  admil 
this  supposition  does  not  account  for  all  the  difficulties;  indee 
present  remarks  are  merely  made  to  call  attention  to  the  sul 
for  the  lake  of  Constance  is  not  close  to  the  valley.  The  poi 
of  the  lake  of  Neufchatel  is,  however,  not  inconsistent  with  the 
of  a  mass  of  water  striking  the  sides  of  the  Jura.  The  lake  i 
equally  excavated;  and  during  some  soundings  which  I  once  i 
upon  it,  I  found  a  hill  in  the  middle,  but  a  few  fathoms  bei 
the  surface,  and  with  a  steep  escarpment  on  one  side*.  3 
remarks  on  the  lakes  amid  the  nagelfluhe  and  molasse  have 
introduced  merely  to  show  that  other  excavating  forces  than  i 
of  rivers  would  seem  necessaiy  to  explain  some  phaenomena 
observable  in  this  district ;  and  that  if  such  forces  have  once  a 
there  does  not  appear  any  reason,  from  the  nature  of  the  coi 
generally,  that  they  may  not  have  acted  at  other  times. 

In  many  parts  of  the  mass  there  would  appear  evidence 
quiet  deposit,  as,  for  instance,  the  deposits  of  lignite,  such  as  i 
of  Kaepinach,  which  contain  the  remains  of  the  Mastodon  m 
iidens,  a  Rhinoceros,  and  a  Castor,  One  of  the  plants  is  no 
under  the  name  of  Endogenites  bacillaris.  Other  lignites  < 
at  Lausanne,  Vevay,  Ugg,  &c.,  and  occur  in  the  lower  part  c 
molasse ;  Flahellaria  Schlotheimii  being,  according  to  Brongi 
found  in  that  of  Lausanne.  The  remains  of  the  Palceothe 
have  also  been  discovered  in  the  molasse  used  for  building, 
the  lake  of  Zurich.  These  remains  would  appear  to  point 
period  when  a  part  of  this  deposit  was  forming  quietly,  ai 
fresh-water  remains  be  alone  mixed  with  them,  as  is  statei 
means  of  fresh  water. 

The  upper  parts  of  these  rocks  appear,  however,  more  decic 
to  mark  the  presence  of  the  sea ;  for  they  contain  marine  rem 
such  as  Turritella  imbricataria,  Lam.,  T.  Terehray  Broc,  T 
plicatOf  Broc,  T.suhangulata,  Broc,  Natica  glaucinay  Lam.,il 
mitraformisj  Broc,  Cancellaria  cassideay  Broc,  Buccinum  a 
gatum,  Broc,  Cerithium  Lima,  Brug.,  C.  quadrisulcatum,  L 
Murex  nigosus,  Sow.,  M,  minaxy  Pyrula  ficoides  {Bulla  JUx 
Broc),  Ostrea  virginica,  Lam.,  O.  edulina,  Sow.,  Pecten  latisa 
Broc,  P.  mediusy  Studer,  Meleagrina  margaritacea,  Studer,  j 
antiquatay  Lam.,  Cardium  edulinum,  Sow.,  C.  oblongum,  B 
C,  semigranulatum.  Sow.,   C.  hiansy  Broc,    C.  clodiense^  B 

*  This  may  be  a  portion  of  the  more  solid  rock  of  the  Jura,  close  ■■ 
which,  being  harder,  better  resisted  the  excavating  action  than  the  i 
easily  removed  sands  and  pebbles. 
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r.«dlfwoii/afiiiii,  Broc.,  TeUina  ttimida,  Broc,  Venus  hlandica, 
Ud.|  Venus  rustiea^  Sow.,  Astarte  excavata,  Sow.,  Cytherea 
mMMf  Brong.,  Corbula  gallica,  Lam.,  Panoptea  Faujasii,  Solen 
figm»i  Lam.,  S.  strigilatuSf  Lam.  (analogue  now  living),  •S'.  Ze- 

jjnni,  Linnaeus,  Balanus  perforatus,  Studer  *. 
ftof.  Sedgwick  and  Mr.  Murchison,  in  describing  the  continu- 

Ast  of  these  rocks  on  the  flanks  of  the  Salzburg  and  Bavarian 

a ^  mention  great  alternating  masses  of  conglomerate,  sandstone 
marl,  north  of  Gmunden ;  and  still  further  north,  in  the  higher 
of  tiie  series,  beds  of  lignite.  Detailing  the  section  of  the 
fenelwang,  they  state  that  the  lowest  supracretaceous  or  tertiary 
are  of  great  thickness,  and  are  applied  vertically  against 
The  conglomerates  are  mentioned  as  extremely  abun- 
e  molasse  and  marl  being  entirely  subordinate  to  them, 
to  these  authors,  there  are  three  or  four  distinct  lines 
I,  separated  from  each  other  by  thick  sedimentary  depo- 
Hence  they  infer  that  the  presence  of  lignites  alone  is  unim- 
it,  as  these  occur  in  very  different  situations.  In  a  section 
through  the  hills  at  the  east  end  of  the  lake  of  Constance, 
lower  part  of  the  supracretaceous  or  tertiary  system  is  de- 
~  as  composed  of  green  micaceous  sandstone,  in  which  beds 
conglomerate  are  subordinate,  and  it  is  considered  identical 
the  molasse  of  Switzerland.  The  conglomerates  alternating 
greenish  sandstone  and  variously  coloured  marls  are  noticed 
fomiing  the  upper  supracretaceous  group,  and  composing  the 
of  the  mountain  ridge  extending  northwards  from  Bregenz. 
taceous  rocks  are  noticed  in  the  valley"  of  the  Inn,  con- 
coal,  worked  for  profitable  purposes,  thirty-four  feet  thick, 
aring.  The  coal  is  described  as  accompanied  by  fetid  marls 
iously  indurated.  In  the  coal  and  overlying  beds  there  are 
y  terrestrial  and  fluviatile  shells,  and  also  in  the  latter  beds 
mnerous  impressions  of  dicotyledonous  and  other  plants.  Several 
Mne  shells  are  discovered  in  these  strata.  The  authors  consider 
Itt  the  various  sections  which  they  observed,  prove  the  compara- 
frdy  recent  elevation  of  the  neighbouring  Alpine  chain ;  and  the 
More  recent  supracretaceous  deposits  noticed  by  them,  bear  the 
me  relation  to  the  neiffhbourmg  Alps  as  the  Sub- Alpine  rocks 
k  Nortbem  Italy  do  to  the  high  mountains  near  them ;  whence 
4e?  infer  that  the  northern  and  western  basins  of  the  Danube, 
mi  the  supracretaceous  basin  of  the  Sub- Alpine  and  Sub-Apen- 
liiie  regions,  have  been  left  dry  at  the  same  period  f. 

According  to  Prof.  Sedgwick  and  Mr.  Murchison,  the  supra- 
tretaceous  rocks  of  Lower  Styria  consist,  in  the  ascending  series  of 

*  Brongmart,  Tableau  des  Terrains  qui  composent  rEcorce  du  Globe. 
'  t  Sedgwick  and  Murchison,  Proceedings  of  the  Geol.  Soc.  of  London, 
Dec  4, 1829. 

L2 


220  Svpraeretaeeoua  Group. 

a  section  from  Eibeswald  to  Radkersbuig, — 1.  Of  micaceoatsind' 

ttoneSy  grits  and  conglomerates,  derived  from  the  sla^  rocks  on 

which  mey  now  rest  at  a  highly  inclined  angle.    2.  Of  shale  and 

sandstone  with  coal.    At  Scheineck,  where  ue  coal  is  eztenslTdj 

worked,  it  contains  hones  of  Anthracotheria,  and  in  the  shale  Of 

rogonites  {Char a  tvberculata  of  the  Isle  of  Wight),  flattened 

stems  of  arundinaceous  plants,  Cypris,  PalueUtus,  fish-scales,  &e 

3.  Of  blue  marly  shale  and  sand.    4.  Of  conglomerate,  with  m 

caceo-calcareous  sand  and  millstone  conglomerate,  occupying  dM 

whole  hilly  region  of  the  Sausal.    5.  Of  coralline  limestone  ani 

marl.    The  organic  contents  of  this  rock  are  stated  to  be, — maii| 

corals  of  the  genera  Astrea  and  Flustra;  Crustacea;  Baimm 

crasstis,  Conus  Aldrovandi,  Pecten  mfumatus,  PholaSy  FttttdoMi 

&c.    The  authors  refer  this  rock  to  the  epoch  of  the  Sub-ApeniBM 

formations  and  English  crag.    6.  Of  white  and  blue  marl,  cakfr 

reous  grit,  white  marlstone,  and  concretionary  white  limestOMi 

At  Santa  Egida,  concretionary  white  limestone,  alternating  with 

marls,  contains  Pecten  pleuronecteSf  Ostrea  beUovicma,  Sealarkf 

Cyprtea^  &c.    7.  Of  calcareous  sands  and  pebble  beds,  calcarconi 

grits  and  oolitic  limestone.     At  Radkersburg,  where  the  hills  dnil 

into  the  plains  of  Hungary,  the  strata  are  charged  with  sbdih 

tome  being  identical  with  living  species  (Mactra  carinaia  an4 

Cerithium  vulyatum).    The  authors  consider  this  group  as  similv 

to  the  more  recent  rocks  of  the  Vienna  basin. 

In  describing  another  section.  Prof.  Sedgwick  and  Mr.  Murdih 
son  notice  that,  at  the  Poppendorf,  the  marls,  sands  and  condo* 
merates,  are  crcrwned  by  a  micaceo-calcareous  sand,  contaimng 
concretionary  masses  of  a  perfect  oolite,  affording  a  good  exampl% 
if  any  were  wanting,  of  the  trifling  value  of  mineralogical  charao* 
ter  in  determining  rocks  far  distant  from  each  other  *. 

Let  us  now  proceed  to  those  parts  of  the  South  of  France  whid 
border  the  Mediterranean,  observing  that  M.  Elie  de  Beaumont^ 
when  remarking  on  the  period  at  which  he  considers  the  Alps  if 
have  been  thrown  up  in  a  direction  between  Marseille  and  Zud^ 
notices  numerous  situations  where  the  newer  supracretaceous  stnla 
are  characterized  by  the  remains  of  Oysters,  Poly-  «.  „- 
mlers,  Patella^  the Balanus  cra«*M«  (fig.  35),  (which  ^^'  '^^' 

M.Deshayes  coDsiders  may  only  be  a  variety  of  Bet- 
lamu  Tulipa)f  Patella  conica,  and  other  shells.  He 
also  identiBes  these  rocks  in  Provence,  Dauphin^, 
and  Switzerland.  In  the  molasse  of  Pont  du  Beau- 
voisin,  M.  Elie  de  Beaumont  discovered  shells 
which  M.  Deshayes  recognised  to  be  Balanua  crassus,  Paietti 


*  Sedgwick  and  Murchison,  Proceedings  of  the  GeoL  Soc  of  LoDdoSf 
March  5, 1830. 
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t  Peeten  partaking  of  the  characters  of  P.  BeudanU, 
,  and  P.fiaheUiformis  *. 

to  M.  Marcel  de  Serres,  the  marine  fupracretaeeom 
South  of  France  rest  on  each  other  in  the  following 
rder : — 1.  Sands,  generally  yellow  or  white,  and  more 
tceous,  calcareous,  or  siliceous,  according  to  circnm- 
ese  sands  ahound  in  the  remains  of  terrestrial  and 
malia,  reptiles,  and  fish,  mixed  with  the  remains  of 
me  wood.  Shells  are  not  common,  with  the  excep- 
p  and  BalarU.  2.  Yellow  and  calcareous  marls,  of  no 
iss,  sometimes  alternating  with  stony  heds.  3.  Beds 
to  which  the  same  author  has  given  the  name  of  eal- 
,  usually  worked  as  a  huilding^stone  in  the  South  of 
e  upper  heds  generally  contain  the  greater  quanti^ 
me  and  the  middle  strata  also  contain  the  remains  of 
sh,  Crustacea,  annulata,  and  zoophytes.  Terrestrial 
e  very  rare,  consisting  principally  of  a  few  bones  and 
,  which  mostly  approach  those  of  the  PakttMkenum 
m.  The  lower  beds  contain  but  few  shells.  4.  Ar* 
le  marls,  well  known  as  the  blue  Sub- Apennine  marls, 
vary  much  in  their  mineralogical  character,  being 
calcareous,  argillaceous,  or  sandy,  according  to  cir- 
They  have  nearly  the  same  colour,  passing  from  a 
lueish  gray  into  a  blue  of  greater  or  less  intensity. 
«s  seems  to  depend  on  the  inequalities  of  surface, 
iing  sometimes  very  considerable,  while  at  others  it  is 
$y  contain  a  large  collection  of  marine  remains,  prin- 
Terrestrial  mammalia  and  reptiles  are  exceedmgly 
eel  de  Serres  only  mentions  one  stag's  horn,  the  bones 
>ise,  and  the  vertebrae  of  a  crocodile.  Marine  mam- 
I  are  scarce,  as  are  also  the  remains  of  zoophytes  f . 
ing  section,  by  M.  Marcel  de  Serres,  of  the  strata 
irough  which  the  Tech  has  cut  its  bed,  will  remind 
of  sections  to  be  seen  at  Nice,  and  in  parts  of  Italy ; 
.)  Transported  substances,  named  by  the  author  di- 
flams,  rolled  pebbles  of  primary  rocks,  cemented  by 
id  gravelly  clay ;  thickness  from  one  to  three  yards, 
ieposit  of  transported  detritus,  named  mounUun  di- 
i  author,  stated  to  be  distinctly  separated  from  the 
Bed  of  rolled  pieces  of  granite,  mica-slate,  gneiss,  and 
ited  by  a  slightly  red  clay,  more  ^avelly  than  the  first, 
e  rolled  fragments  is  considerable,  the  smallest  being 

eaumont,  R^v.  de  la  Suri*.  du  Globe ; — Ann.  det  Sd.  Nat. 
lie  exuviae  discovered  in  these  marls  are  enumerated  in 


222  Supracretaceous  Group. 

equal  to  that  of  the  head ;  thickness,  two  to  three  yards.   3.  YAr 
lowish  siliceous  sands,  indurated  in  parts,  the  heds  thick,  vaiying 
from  four  to  six  yards.    Lower  portion  contains  shells  and  lignites. 
4.  Argillo-arenaceous  marls,  hlueish  gray,  and  micaceous ;  some* 
times  alternating  with  the  upper  yellow  sands.    Shells  veiy  abun- 
dant ;  thickness,  six  to  eight  yards.     5.  Blueish  argillaceous  sad 
tenacious  marls.    They  contain  few  shells,  and  even  these  become 
less  abundant  as  the  section  increases  in  depth ;   thickness  not  . 
known.    These  marls  are  supposed  to  rest  upon  micaceous  day-  . 
slates,  from  the  structure  of  the  Albdres  chain,  at  the  foot  of  ] 
which  these  beds  of  Ban3nils  dels  A&pre  are  found.    Nos.  3.  andi*  i 
are  stated  to  contain  the  remains  of  mastodons,  deer,  lamantui%  1 
land-tortoises,  and  sharks,  disseminated  among  the  marine  shdl^ 
but  they  are  represented  to  be  scarce  *. 

There  are  many  lignite  deposits  in  this  part  of  France,  of  whick 
the  relative  ages  have  not  been  determined  so  accurately  as  codU  ] 
be  wished.     M.  Marcel  de  Serres,  however,  shows  that  some  of  '• 
them  are  inferior  to  the  calcaire  moellon,  and  probably  occur  at  : 
the  lower  part  of  the  blue  marls.    The  foUowmg  is  a  section  at  ', 
Saint  Paulet,  about  a  league  and  a  half  from  Saint  Esprit  (older  ^ 
descending) :  1.  Yellowish  calcareo-siliceous  sands,  containing  tbe  .j 
remains  of  marine  shells.    2.  Thick  beds  of  the  calcaire  moSlflli  ^j 
containing  numerous  casts  of  Cytherea,  Fenus,  and  CerWiia,  1 
3.  Sands  with  marine  shells  resembling  No.  1.    4.  Alternation  of  j 
fresh-water  limestone  (containing  Gyrogonitea)^  earthy  lignite,  and 
sandy  marls.    5.  Compact  limestone,  with  Cerithia  or  Potamitt 
and  Paludina.    6.  Thin  argillaceous  marls,  with  small  oysten.  ■ 
7.  Thin  earthy  lignite.    8.  Argillo-arenaceous  marls,  with  tnen 
of  lignite.    9.  Compact  fresh-water  limestone,  with  LimtuBa  and 
Cyrena,     10.  Thin  yellowish  and  calcareous  marls.  .11.  Argil- 
laceous blue  marls,  with  traces  of  more  or  less  fibrous  lignite. 
12.  Ar^illo-bituminous  marls,  containing  numerous  marine  and 
fiuviatile  shells.     These  marls,  as  well  as  the  lignite  which  soe- 
ceeds  them,  contain  small  pieces  of  amber.    13.  Lignite  in  beds  of 
two  or  three  yards  in  thickness,  preserving  the  woody  structuiCt 
even  resembling  charcoal :  contains  amber.     14.  Argillo-hitunu-  \ 
nous  marls,  with  marine  and  fiuviatile  shells,  the  same  as  No.  12. 
15.  Lignite  with  the  same  characters  as  No.  13. — All  these  beds 
rest  parallel  on  each  other  with  great  regularity,  and  show  that 
they  have  been  deposited  tranquilly  and  successively  f . 

It  has  been  observed,  first,  I  believe,  by  M.  Basterot,  that  there  it 
a  great  resemblance  in  the  organic  contents  of  the  supracretaceous 

*  Marcel  de  Serres,  G^ognosie  des  Terrains  Tertiaires  du  Midi  if 
la  France.  Montpellier,  1829. 

f  According  to  M.  Dufrenoy,  these  beds  rest  unconformably  on  stxttt 
equivalent  to  the  green  sand ;  Annales  des  Mines,  1830,  pi.  v. 


Supraeretaeeous  Groiup^  223 

Todn  of  the  South  of  France,  Italy,  Hungary  and  Austria,  which 

would  leem  to  point  to  circumstances  common  to  them,  but  not  to 

die  tnpracretaceous  basins  of  the  North  of  France,  England,  and 

die  Netherlands.     Perhaps  the  remark  would  more  particularly 

■p^v  to  certain  parts  of  the  various  deposits  in  each  district.     It 

wul  have  been  collected  from  the  list  of  organic  remains  contained 

dbe  blue  marls  of  the  South  of  France,  that,  though  the  species 

cmimeTated  by  M.  Marcel  de  Serres  are  exceedingly  abundant,  the 

nokigical  character  of  the  mass  may  be  said  closely  to  correspond 

widi  aimilar  deposits  in  Italy ;    a  minor  quantity  of  species  is 

common  to  the  ^rdeaux  district,  and  the  Mediterranean  side  of 

htnce;  and  a  few,  and  some  of  these  questionable,  are  referable 

to  species  foimd  in  the  North  of  France  or  in  England. 

Several  of  the  species  are  analogous  with  those  now  existing  in 
(he  Mediterranean,  pointing  to  some  kind  of  connection  between 
fte  ancient  state  of  tnat  sea  and  the  present  We  therefore  seem 
to  nrive  at  something  like  a  probability  that  the  blue  marls  were 
lipoBited  in  a  sea,  peniaps  somewhat  similar  to  the  Mediterranean, 
kt  presenting  more  surface  than  it. 

M.  de  la  Marmora  shows  us  that  the  supracretaceous  deposits 
rf  Sardinia  correspond  with  those  of  the  South  of  France  and  a 
kge  part  of  Italy.  The  following  is  his  account  of  their  super- 
fwti<m  (in  the  descending  order) : — 1.  A  fine-grained  white,  or 
jdbwish  white,  limestone;  2.  A  yellow  and  very  earthy  calcaire 
MtfloMy  mixed  with  sand;  3.  Calcareous,  sandy,  and  siliceous 
Urata;  4«  Blue  marls,  sometimes  whitish;  5.  Some  very  rare  strata 
tf  calcareous  conglomerates,  with  traces  of  lignite,  or  else  trachy  tic 
ftdBi  cemented  by  carbonate  of  lime.  No.  5.  is  rare.  The  cha- 
tocteristic  shells  of  the  blue  marls  are  stated  to  be  Pecten  pleuro- 
isefef  and  Ventu  rugosa.  They  likewise  contain  numerous  re- 
toains  of  crabs,  but  univalves  are  described  as  rarely  found*. 

The  remains  of  large  mammalia,  which  have  rendered  the  Upper 
Val  d'Amo  so  celebrated,  ¥(puld  appear  to  be  discovered  in  beds 
cf  somewhat  contemporaneous  origin;  a  difference  in  the  circum- 
Itonces  attending  the  deposit  of  the  superior  rocks  having  pro- 
duced a  difference  of  the  remains  detected  in  them,  inasmuch  as 
laarine  exuviae  are  absent. 

M.  Bertrand-Geslin  distingiushes  three  basins  between  the 
tource  of  the  Amo,  and  Florence;  namely,  the  basins  of  Casentino, 
Arrezzo,  and  Figline ;  the  whole  valley  of  the  Amo,  for  that  di- 
itonce,  being  bounded  by  a  sandstone  named  mactgno^  or  by  dark- 
coiloared  limestone.  According  to  the  same  author,  the  following 
Bection  (in  the  descending  order)  may  be  observed  between  Ar- 
TCoo  and  Incisa: — 1.  Thick  bed  of  yellow  argillaceous  sand. 
2.  Thick  beds  of  rolled  quartzose  pebbles,  intermixed  with  coarse 

*  De  la  Marmora,  Journal  de  Gtelogie,  t.  iii.  p.  319. 
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ssnd.  3*  Fin6  gray  and  micaceous  sands,  many  &tliotaif  Aki, 
containing  thin  beds  of  blue  sandy  marl;  these  sands  being,  ia  te 
middle  and  lower  parts,  exceedingly  ridi  in  the  bones  of  maaiii- 
ferous  animals.  4.  Very  thick  argillaceous  blue  marl,  constitatiiig 
the  lowest  deposit  in  the  basin,  and  containing  many  fossils  in  Mi 
upper  part. 

From  his  various  obserrations  on  the  Val  d'Amo,  M.  Bertnncl' 
Oeslin  concludes ; — 1.  That  the  rolled  pebbles  are  larger  and  mon 
abundant  in  proportion  as  they  approach  the  mountain  chain  on 
the  north,  whence  they  appear  to  have  been  derived :  2.  That  tht 
coarse  sands  occupy  the  central  part  of  the  valley,  while  the  fineit 
sands  skirt  the  foot  of  the  mountain  range  on  the  south :  3.  That 
the  lower  sands  and  blue  marls  are  deposited  in  horizontal  beds: 
4.  That  the  bones  of  mammalia  are  very  abundant  towards  the 
central  part  of  the  Val,  on  the  right  bank  of  the  Amo,  and  are 
rare  on  the  left  bank :  5.  That  these  bones,  in  good  condition,  aod 
sometimes  disseminated,  are  generally  deposited  in  different  plane^ 
as  if  not  all  at  one  time:  6.  That  thevellow  sands  contam  fth 
viatile  shells  at  Monte  Carlo;  and,  7.  Tnat  this  transported  mia 
contains  neither  the  remains  of  marine  shells,  solid  stony  beda^ 
nor  lignites*. 

The  animals  whose  remains  are  stated  to  have  been  discoveisd 
in  the  Upper  Val  d'Amo  are : — Elephas  primigenku,  HippcpoUh 
mu8  major,  Rhinoceros,  Tapir,  Deer,  Horse,  Ox,  Hysena,  FeUtf 
Bear,  Cavern  Fox,  and  Porcupine.  The  presence  of  these  remaini 
would  appear  to  indicate  that  the  deposit  containing  them  was  not 
far  removed,  as  to  date,  from  the  transported  gravels  and  sand% 
mingled  with  volcanic  substances,  in  Auvergne,  and  which  will  bt 
noticed  in  the  sequel. 

During  this  state  of  comparative  repose,  in  which  similar  mint' 
ralogical  substances  enveloped  similar  animal  remains  over  a  con- 
siderable surface,  there  were  some  situations  in  which  vegetable 
matter  was  more  abundantly  collected  than  in  others,  as  migU 
now  happen  at  the  embouchures  of  rivers  when  the  streams  pos- 
sessed no  great  velocity.  After  the  production  of  the  blue  inad, 
circumstances  became  somewhat  altered,  and  this  over  a  con8idfl^ 
able  surface. — for  the  deposit  no  longer  continued  the  same; 
sands,  showing  a  greater  velocity  or  transporting  power  of  water, 
commonly  covering  these  blue  marls  in  the  South  of  France  and 
Italy.  There  were,  however,  modifying  circumstances;  for  sheek 
of  calcareous  matter,  frequently  producing  limestones,  occur  mixMi 
with  these  sands,  enveloping  terrestrial,  fresh-water,  or  marine 
remains,  as  these  may  come  within  their  influence. 

M.  £lie  de  Beaumont  notices  the  following  section  near  die 
Pertuis  de  Mirabeau;  which,  while  it  shows  that  the  rocks  be- 

*  Ann.  des  Sd.  Nat  t  ziv.  1828. 
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ogin^  to  the  cretaceous  and  oolitic  groups  of  that  neighbourhood 
ire  disturbed  and  contorted,  previous  to  the  deposit  of  the  supra- 
ttaoeoQs  rocks  which  rest  upon  them,  also  exhibits  the  super- 
ntion  of  certain  supracretaceous  strata  of  that  part  of  France 
di  which  we  have  been  occupied,  and  which,  in  the  neighbour- 
od  of  Aix,  present  such  a  curious  approach,  in  their  organic 
itents,  to  some  of  the  terrestrial  inhabitants  of  the  present 
mtry. 

Fig.  36. 


I  a,  rocks  of  the  oolitic  group :  h  h,  rocks  of  the  cretaceous 
up,  containing  Ammonites  and  Belemnites  mucronattis.  d,  bed 
he  Durance  at  the  Pertuis  de  Mirabeau,  on  both  sides  of  which 
;  nearly  horizontal  beds  of  supracretaceous  rocks,  c  c,  on  the 
timed  edges  of  the  older  strata. 

hi  the  side  p,  that  of  Peyrolles,  the  supracretaceous  rocks  con- 
ite  a  thick  fresh-water  deposit,  "  principally  composed  of  gray 
ipact  limestone,  penetrated  by  numerous  irregular  tubular  ca- 
ss,  and  of  sandstone,  analogous  to  that  which  near  Aix  alter- 
«  with  the  variegated  marls  of  the  fresh-water  series*."     On 
other  side  of  the  Durance,  and  near  the  chapel  of  La  Magde- 
e,  o,  the  supracretaceous  rocks  are  seen  resting  on  the  edges 
le  <^der  strata,  and  the  following  beds  are  observed,  in  the  as- 
ling  order: — 1.  A  calcareous  sandstone,  without  shells,  in  some 
A  containing  calcareous  pebbles,  and  passing  into  a  conglo- 
ite.     2.  The  above  beds,  with  the  remains  of  marine  shells. 
Iiese  beds  M.  £lie  de  Beaumont  observed  dolomite.    3.  A  bed 
Bining  some  limestone  pebbles,  and  a  great  number  of  oysters, 
'  hinges  elongated,  among  which  are  probably  the  Ostrea  vir- 
»  of  the  shelly  molasse  of  Piolene  and  Narbonne ;  also  other 
B,  among  which  M.  Deshayes  recognised  Anomia  ephippium, 
mu8  crasmsy  and  an  undescribed  Pecten,  resembling  the  P. 
(cpitf,  P.  Beudanti,  and  P,  Jlabelliformis,    4.  A  considerable 
Jiess  of  molasse,  not  very  shelly,  in  one  bed  of  which  there 
egetable  remains.     5.  An  oyster-bed,  analogous  to  No.  3, 
red  by  a  certain  thickness  of  shelly  molasse.    6.  A  thickness 
ree  yards  of  a  yellow  sand,  covering  an  alternation  of  calca- 
I  sandstone,  and  a  compact  blueish  gray  limestone,  with 
ular  tubular  cavities,  containing  terrestrial  and  firesh-water 
i.    M.  £lie  de  Beaumont  does  not  consider  this  limestone  as 

Blie  de  Beaumont,  R^v.  de  la  Surf,  du  Globe:  Ann.  des  Sci.  Nat. 
etl830. 
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the  same  as  that  noticed  on  the  other  side  of  the  Duranoe,  hot  it 
forming  the  upper  part  of  the  supracretaceous  series  at  this  pboe; 
while  the  heds  near  Peyrolles  consitute  the  lower  part  of  the  lane 
series. 

The  exact  relations  of  these  rocks  with  the  fresh-water  depoot 
at  Aix,  remarkable  for  the  insects  found  entombed  in  part  of  ili 
do  not  appear  to  have  been  yet  well  determined.  Acc<»diog  to 
Messrs.  Lyell  and  Murchison,  the  following  is  a  section  of  Ae 
beds  rising  above  the  level  of  the  town  of  Aix  (in  the  descending 
order): — 1.  White  calcareous  marls  and  marlstone,  pa8sin|;  gat 
dually  into  a  calcareo-siliceous  grit,  containing  Cyela*  gtbfifti^ 
Sow. ;  Potamides  LamarckH,  BuUmus  pygrmsus,  and  an  unde- 
scribed  species  of  Cypris;  thickness  about  150  feet.  2.  Madfi^ 
with  plants  and  shells.  3.  Marls,  with  fish  and  plants.  4.  Bed 
with  insects,  with  occasionally  Po/amte/e^  and  plants.  This  bed  ii 
described  as  a  brownish  green,  or  light  gray  calcareous  marl,  eom- 
posed  of  very  thin  lamiuae.  5.  Gypsum,  with  plants.  6.  MidK 
7.  Gypsum,  with  fish  and  plants.  8.  Marls,  with  traces  ofgff 
sura.  9.  Fink  limestone,  containing  PotamideSf  Cyclas  gtbUm, 
Sow.,  and  Cyclas  Aqua  Sextia,  Sow.  This  limestone  is  often  laM 
contorted,  and  passes  either  into  a  calcareous  grit  or  red  wot 
stone,  and,  still  lower,  into  compact  calcareous  breccia;  the  whub 
is  based  on  a  coarse  conglomerate.  The  lower  beds  dip  N.NX 
at  about  25^  or  30^.  From  the  section  accompanying  the  memoir 
of  Messrs.  Lyell  and  Murchison,  it  would  appear  that  these  ctor 
glomerates  rest,  beyond  Aix,  on  red  marl,  fibrous  gypsum,  woi 
gray  limestone,  with  Limnaa  and  Planorbes ;  and  these  again  <)■ 
the  compact  limestone,  sand,  and  shale,  containing  coal  at  FuveiBf 
accompanied  by  the  remains  of  an  UniOf  Melania  acalaris,  Sov., 
Cyclas  concinna,  Sow.,  C.  cuneata,  Sow.,  and  Gyrogonites*, 

The  preservation  of  the  insects  is  very  great,  permitting  tbe 
determination  of  genera  and  species.  According  to  M.  Marcel  de 
Serres,  Arachnides  accompany  the  insects,  properly  so  called;  the 
latter,  however,  being  far  more  abundant  than  the  former,  two  cr 
three  genera  only  oY  Arachnides  having  been  determined,  wkiie 
i^ixty^two  genera  of  insects  have  been  observed.  The  most  cunoo* 
circumstance  attending  these  remains  is,  that  some  are  considered 
identical  with  those  now  existing  in  the  country;  BrachyeercMi 
undatusy  Acheta  campestris,  Forficula  parallela,  and  PenMm^ 
grisea,  being,  according  to  M.  Marcel  de  Serres,  the  more  remark- 
able. It  is  also  worthy  of  observation,  that  the  greater  part  <^the 
insects  are  of  those  kinds  which  generally  inhabit  arid  and  dif 
places.  Although  they  occur  in  various  positions,  they  are  some- 
times spread  out,  as  if  by  an  entomologist  for  the  purpose  of  die- 
playing  their  wings.    Their  colour  is  generally  an  uniform  tint  ^ 

•  Lyell  and  Murchison,  Edin.  New  Phil.  Journal,  .1829. 


JSupracretacemu  Group.  227 

Istwn  or  black.  Some  of  the  fish  discovered  in  the  same  marls 
on  so  small  that  they  do  not  exceed  ten  or  eleven  millimetres  in 
length*. 

A  large  part  of  the  South  of  France,  hounded  by  the  ocean,  or 
ntfaer  hy  the  sandy  dunes  it  has  thrown  up,  between  the  districts 
of  Bordeaux  and  Bayonne,  and  extending  far  into  the  interior, 
farticalarly  at  the  foot  of  the  Pyrenees,  is  composed  of  supracre- 
■tMeous  rocks;  an  exact  and  detailed  account  of  whose  varied  re- 
lations to  each  other  may  still  perhaps  he  considered  as  wanting, 
llioiigh  much  has  been  done  respecting  them.  This  superficies 
tomprises,  among  other  districts,  that  extensive  and  monotonous 
Kgion  named  the  Landes,  where  the  traveller  finds  little  to  relieve 
die  sameness  which  surrounds  him,  except  the  peasants  stalking 
met  the  country  mounted  on  stilts,  for  the  greater  convenience  of 
iedng  objects  «iar  off. 

'  M.  de  fiasterot  has  presented  us  with  a  very  valuable  detail  of 
"ikb  fossil  shells  obtained  by  him  from  the  districts  of  Bordeaux 
mi  Dax,  which  is  inserted  in  the  Appendix  (C),  considering 
tint  such  lists  are  of  the  greatest  utility  to  the  geological  student; 
kcferring  him,  however,  to  M.  de  Basterot's  memoir  for  the  de- 
tnled  description  of  each  shell.  This  author  remarks,  that  out 
«f  die  330  species  of  shells  noticed  by  him  in  the  great  sandy  de- 
posits of  the  Landes,  forty-five  only  have  existing  analogues  in  the 
JMighbouring  seas,  comprising  the  Mediterranean ;  and  he  further 
observes,  that  it  the  basin  of  the  Gironde  be  taken  as  a  centre, 
the  shells  in  similar  supracretaceous  basins  will  the  more  resemble 
each  other  as  the  distances  are  less.  Thus,  out  of  the  330  species 
eollected  in  the  vicinity  of  Bordeaux,  ninety-one  are  found  in  the 
deposits  of  Italy,  sixty-six  in  those  of  the  environs  of  Paris, 
ei^teen  in  those  of  Vienna  f,  and  twenty-four  in  the  supracreta- 
ceous rocks  of  England^. 

If  reference  has  been  made  to  M.  de  Basterot's  list,  it  will  have 
been  observed  that,  though  many  shells  found  in  this  part  of  France 
ne  also  discovered  at  Paris,  there  is  likewise  a  very  considerable  cor- 
respondence between  them  and  those  of  Italy.  It  would  appear, 
from  the  mention  of  the  fresh-water  limestone  at  Saucats^  that  there 
was  a  change  of  the  relative  level  of  sea  and  land  in  that  situation, 
which  permitted  the  envelopement  of  fresh-water  shells  in  car- 

*  Marcel  de  Series,  G^og.  des  Ter.  Tertiaires  da  Midi  de  la  France, 
n  which  some  of  the  insects  are  figured;  as  also  in  the  Memoir  of  Messrs. 
Lyell  and  Murchison  above  noticed,  in  illustration  of  the  remarks  of 
Curtis  on  the  specimens  brought  to  England. 

f  M.  de  Basterot  observes,  that  this  number  will  probably  become  in-> 
creased  as  tbe  Vienna  basin  shall  become  better  known ;  which  we  may 
expect  it  soon  will  be,  from  the  labours  of  M.  Parscb. 

X  l^e  Basterot,  Description  G^ologique  du  Basin  Tertiabe  du  Snd- 
Oaest  de  la  France,  Idre  partie ;  M6m.  de  la  Soc  d'Hist.  Nat  de  Paxltv^  ^ 
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bonate  of  lime;  and  that  after  this  deposit,  a  change  of  kwlTO 
efl^ted,  which  enabled  marine  lithodomous  shells  to  bore  extah 
sively  into  the  firesh-water  rock,  and  permitted  an  accumulatioftflf 
mineral  matter  and  marine  shells  above  it.    The  analc^es  of  ex- 
isting species  are  forty-iive ;  the  living  species  being  remarkaUe 
for  the  diversity  of  their  habitats, — some  being  foimd  in  the  Atlantk 
and  Pacific  Oceans,  and  the  Indian  and  Mediterranean  Seas,  irinli 
not  a  few  inhabit  the  coasts  of  the  Channel  and  the  Bay  of  Bisaj^) 
to  which,  from  the  fall  of  the  land,  the  Bordeaux  and  Daz  deposits 
seem  naturally  to  belong.    When  the  ocean  covered  this  part  1/ 
France,  it  seems  necessary  to  suppose  that  the  mean  temperatmt 
of  the  situation  was  above  that  which  it  now  is,  in  order  to  wk 
the  animals,  many  of  whose  analogues  exist  in  warm  dimates. 

We  now  proceed  to  give  a  short  notice  of  the  supracretaceoM 
rocks  of  the  JParis  basin,  as  they  long  constituted  the  type  to  wbiok 
all  deposits  of  this  epoch,  wherever  found,  were  referred.  How- 
ever the  rocks  of  this  group  may  be  eventually  discovered  to  differ 
from  this  type,  the  labours  of  MM.  Cuvier  and  Brongniart  on  dw 
rocks  of  the  Paris  basin  will  not  the  less  retain  that  place  in  As 
annals  of  Geology,  which  by  common  consent  has  been  assigned 
them.  Nor  will  Uie  zoological  discoveries  of  Cuvier,  constituting  as 
they  did  such  a  brilliant  epoch  in  the  history  of  geological  science^ 
the  less  claim  the  gratitude  of  geolc^sts  in  succeeding  ages. 

The  following  is  the  classification  of  the  Paris  rocks,  according 
to  MM.  Cuvier  and  Brongniart  (order  ascending) : 

r  Plastic  clay. 

1.  First  fresh- water  formation .  <  Lignite. 

(^  First  sandstone. 

2.  First  marine  fbrmation  .  . .       Calcaire  grossier. 

Siliceous  limestone. 

3.  Second  fresh -water  formation  •{  Gypsum,  with  bones  of  animals* 

Fresh-water  marls. 
Gypseous  marine  marls. 
Upper  marine  sands  andsandstonfii* 

,  Upper  marine  marls  and  limestooe* 
Millstone,  without  shells. 
Shelly  millstone. 
Upper  fresh-water  marls. 

Plastic  Clay, — So  named  because  it  easily  receives  and  pre* 
serves  the  forms  given  to  it,  and  is  used  in  the  potteries.  '  It  resty 
on  an  unequal  surface  of  chalk  beneath,  whicn  is  hollowed  and 
furrowed  in  various  ways,  so  as  to  present  hills,  valleys,  and  oo^ 
standing  knolls,  which  sometimes  have  not  been  covered  by  the 
newer  and  superincumbent  rocks ;  at  least,  if  they  have  covered 
them,  the  strata  which  did  so  have  been  removed  by  denudation** 

*  A  breccia  of  chalk  fragments  cemented  by  clay  is  found  at  MeudoOt 
sepMTBtiog  the  chalk  and  plastic  clay. 


4.  Second  marine  formation  . . 

5.  Third  fresh-water  formation 
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k  elfty  16  varionuly  coloured,  being  white,  gray,  yeUow,  slate- 
pBi(^,  aiid  red.  It  differs  considerably  in  thickness,  as  might  be 
a^pwted  from  the  nature  of  the  sur&ice  on  which  it  reposes. 
^Dove  these  beds,  to  which,  strictly  speaking,  the  term  ''plastic 
lay"  is  alone  applicable,  there  is  often  another  clay,  separated 
ram  the  former  by  a  bed  of  sand ;  the  latter  clay  being  black, 
ndy,  and  sometimes  containing  organic  remains.  In  it  occur 
gnites,  amber,  and  shells  (both  fresh-water  and  marina).  It  is 
tated,  that  in  this  deposit,  considered  as  a  mass,  the  lower  parts 
0  not  contain  ojrganic  remains ;  that  in  the  central  portion  the 
emains  are  commonly  those  of  firesh-water  animals ;  and  that  in 
b^  upper  part  there  is  a  mixture  and  even  an  alternation  of  marine 
nd  fresh-water  remains,  the  latter  gradually  becoming  more 
eorce,  and  the  former  finally  prevailing. — The  following  is  a  list 
f  the  organic  remains  most  commonly  found  in  the  plastic  clay. 

Fresh-^aier  Bemaim, — Planorbis  rotundatus,  Al.  Brong.  ; 
P.  mcertus,  Defr. ;  P,  Punctum,  Defr. ;  P.  PrevostinuSf  Defr. 

Physa  antiqu€t,  Defr.     Limneus  longiscatWy  Al.  Brong. 

Paludina  virguUiy  Defr. ;  P,  indistincta,  Defr. ;  P,  unicolor, 
Kirier ;  P.  Detmarestii,  Prevost ;  P,  conica,  Prev. ;  P,  ambiguOy 
Prev. 

Melania  triticea,  Defr. 

Melanopsis  buccinoidea,  Poiret ;  M,  costata,  Olivier. 

Nerita  globula,  Defr. ;  N,  pisiformis,  Defr. ;  N.  sobrinOf  Defr. 

Ctrena  iuUiqua,  Defr. ;  C,  teUinoides,  Defr. ;  C.  ctmeiformis, 
Sow. 

Marine  Shells  contained  in  the  mixture  of  the  upper  part, — Cb- 
^itEifjM  funatumf  Sow. ;  C  melanoides,  Sow. ;  another  Cerithium 
Hot  determined. 

AifPULLARiA  depressa.  Lam.  1  (var.  minor)  ;  Ostrea  beUovaca, 
Urn. ;  0.  incerta,  Defr. 

Fossil  Vegetables. — Exogenites  ;  PhyUites  muUinervis  ;  JSndo- 
jenites  echinatus, 

Cakaire  grassier. — ^This,  as  its  name  implies,  is  composed  of  a 
|09ne  limestone,  and  is  more  or  less  hard,  so  as  to  be  employed 
or  architectural  purposes.  It  alternates  with  argillaceous  beds, 
ind  is  remarkable  for  the  constancy  of  its  character  throughout  a 
ionnderable  extent  of  country.  It  is  often  separated  from  the 
elastic  clay  beneath  by  a  bed  of  sand.  The  organic  remains  are 
tittd  to  be  generally  the  same  in  the  correspon^g  beds,  present- 
Dgiidier  marked  differences  when  the  beds  are  not  identical. 
I&  inferior  beds  are  very  sandy,  often  more  sandy  than  calca- 
'eoQi,  and  almost  always  contain  green  earth,  disseminated  either 
^  powder  or  grains,  which,  according  to  the  analysis  of  M.  Ber- 

*  A  breccia  of  chalk  fragmetns  cemented  by  clay  is  found  at  Mendon, 
'^pttating  the  chalk  and  plastic  clay. 
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thier,  appears  to  be  a  silicate  of  iron.  These  beds  are  rematUtia 
for  the  abundance  of  their  organic  contents.  The  following  is  a 
list  of  those  fossils  which  are  considered  to  characterize  the  d^ 
ent  parts  of  this  deposit. 

In  the  lower  beds, — Madrepora,  at  least  three  species. 

AsTREA,  three  species  at  least. 

TuRBiNOLiA  elliptica,  Al.  Brong. ;  T.  crispa,  Lam. ;  T.  suUatOi 
Lam. 

Reteporites  digitaUa^  Lam. 

LuNULiTES  radiata,  Lam. ;  L,  urceolata,  Lam. 

FuNGiA  Guettardi, 

NuMMULiTEs  leevigata  ;  N.  scahra  ;  JV.  numismalis  /  N,  rokat* 

Cerithium  giganteum,     Lucina  lameUosa, 

Cardium  porulosum.  _  Voluta  cithara, 
^   Crassitella  lamellosa,    Turritella  mtdtisulcata, 

OsTKEA  flabellula  ;  0,  cymhula. 

In  the  central  beds  *. — Ovulites  elongata,  Lam. ;  0.  fnargmi^ 
tula,  Deroissy. 

Alveolites  milium^  Bosc.     Orbitolites  plana, 

Turritella  imbricata,    Terebellum  convolutum, 

Calyptr^a  trochiformis.     Cardita  avicularia, 

Pectunculus  pulvinatus, 

'  CiTHEREA  nitidula  ;  C.  elegans,     Miliolites.     Cerithium? 
.    In  the  upper  beds. — Miliolites.     Ampullaria  spirata, 

Cerithium  tuberculatum;  C,  mutabile;  C  lapidum;  C.petri* 
eolum, 

Lucina  Saxorum,     Cardium  Lima, 

CoRBULA  anatina  ?     C.  striata  f. 

Vegetable  Remains,  according  to  M.  Ad.  Brongniart,  in  the  Cal- 
caire  Grossier  of  Paris : — 

NAYADiE — Caulinites  parisiensis, 

£QuisETACEiE — Equisctum  brachyodon, 

CoNiFERiE — Pinus  Defrancii.     Palm^ — FlabeUariaparisietuit, 

Monocotyledons,  of  uncertain  family — Culmites  nodosut; 
C.  ambiguus. 

Dicotyledons,  op  uncertain  family — Exogenites;  PhglBet 
lineariSf  Ph,  nerioides^  Ph.  mucronata,  Ph.  remiformis,  Ph,  reiuMh 
Ph.  spathulata,  Ph,  lancea  %* 

Siliceous  Limestone. — A  limestone,  sometimes  white  and  sof^ 
sometimes  gray  and  compact,  penetrated  by  silex,  infiltrated  is 

*  Nearly  all  the  well-known  fossils  from  Grignon  are  found  in  tbeis 
beds. 

f  MM.  Cuvier  and  Brongniart,  Desc.  G^ol.  des  Envir.  de  Paris.  ^ 
1822. 

t  Ad,  Brongniart,  Prod,  d'une  Hist,  des  Veg.  Fossiles,  1828. 
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vmj  direction  and  at  all  points.  It  in  otiien  cellular,  the  cell* 
nmetimes  large  and  communicaling  with  each  other  in  all  direc- 
tigni,  Che  eilex  lining  their  sides  with  mammiilary  concretions!  or 
nith  small  transparent  quartz  cryetala. 

Otieoat  Gypmm  {Freih-icater),  and  Marine  Marh. — The  gyp- 
leois  rocks  consist  of  an  alCernation  of  gjipsum  and  calcareous  and 
■ipllaceous  marls.  Above  thia  alternation  there  are  thick  marl 
licdt,  lometimes  calcareous,  at  others  argil  la  ceous.  In  these  latter 
Hlita  are  found  abundant  remains  of  Limnie/e  and  Planorbea, 
lod  ill  their  lower  parts,  palms  of  considerable  size  are  discovered 
pntrate.  The  gypseous  strata  contjun  the  remarkable  remaini 
^extinct  mammalia  and  other  animals,  which  (he  genius  of  Cuvier 
niy  almost  be  said  to  have  restored  to  life.  Above  these  heds, 
irtnch,  from  the  nature  of  their  organic  remains,  are  considered  to 
I  We  been  deposited  in  fresh  water,  there  is  a  succession  of  marls, 
toniidered  as  deposited  in  the  sea,  because  thej  contain  marine 
Mmajns ;  the  marine  and  fresh-water  systems  being  separated  by 
nicajeous  or  argillaceous  marls,  ol\en  thick.  The  upper  marl 
■  li«ds  contain  numerous  remains  of  oysters,  considered  to  have 
certsinly  lived  in  the  places  where  now  entombed,  more  particu- 
larly, as  M.  Defrance  discovered  them  at  Roquencourt  attached 
Id  rounded  pieces  of  marly  limestone,  which  latter  are  sometimes 
jierced  by  Pholadei. 

Ot^anic  Remains  in  the  Gypseous  Beds. — Maumali^:  P^a- 
»thmum  magnnm,  Cuv.  (fig.  37,  a.*) ',  P.  mtdiam,  Cuv.;  P.  craaum. 
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Cuv.;  P.latunifCay,;  P,curtum,  Cuy,;  P.mimtf,Cuv.(fig.37.ii)t 
P,  minimum,  Cuv. ;  Anoplotherium  commune^  Cuv.  (fig.  37.  c); 
A,  sectmdarium,  Cuv. ;  Aigracile,  Cuv. ;  A,  murinumf  Cuv.;  A.(llt 
liquum,  Cuv.;  Charoptamtis  parisietuiSf  Cuv.;  Coiitf  parmeum^ 
Cuv.;  Coati;  Didelphis parisiensis,  Cuv.;  Sciurus;  Sec, 

Birds.     Reptiles  :  Crocodile  ;  Trionyx ;  Emys,    Fish. 

Organic  Remains  of  the  Fresh-water  Marls. — Mammalia:  Pur 
leBOiherium  aurelianense,  Cuv.  (Orleans) ;  Lophiodon  majoTf  Cu?. 
(Soissons,  &c.) ;  Z.  mtttor,  Cuv.  (Paris) ;  L.pygmteus,  Cuv.  (Pmis)^ 

Birds.  Fish.  Shells  :  Cyclostoma  mumkt,  Lam. ;  Ztnuuev 
longiscata,  Al.  Brong. ;  Z.  elongata,  Al.  Brong. ;  Z.  acifwwfl<i^ 
Al.  Brong.;  Z.  Ovt^m,  Al.  Brong.;  PUmoHns Lens,  AL  Brong;; 
JBulimus  pusiUus,  Brard. 

In  the  Marine  Marls  (Yellow), — Fish  bones ;  Cytherea?  ooih 
vexa;  C}rtherea?  plana;  Spirorbes;  Cerithium  plicatum. 

Yellow  Marls  separatedfrom  the  above  by  Green  Marls, — ^Spean 
and  pdates  of  the  Ray;  Ampullaria  patula?  Cerithium  plicatum; 
C.  cinctum ;  Cytherea  elegans ;  C.  semisulcata  ?  ?  Cardium  oUi* 
quum ;  Nucula  margaritacea. 

Cede,  Marls f  with  large  Oysters, — Ostrea  hippopus ;  Q.  Pseuds 
chama ;  O.  longirostris ;  Q.  canalis. 

Cah,  Marls,  with  small  Oysters, — Ostrea  cochlearia ;  O.  cya^ 
thula ;  O.  spatulata ;  O.  linguatula ;  Balani ;  Crabs'  feet. 

Upper  Marine  Sands  and  Sandstones. — These  are  composed  of 
irregular  beds  of  siliceous  sandstone  and  sand,  the  lower  portioB 
without  organic  remains  that  can  be  supposed  to  have  existed  iB 
the  places  where  now  found,  being  broken  and  very  rare.  In  some 
situations,  where  the  broken  shells  are  more  common,  millions  of 
small  bodies  are  discovered,  to  which  M.  Lamarck  has  given  the 
name  of  Discorbites, 

These  non-fossiliferous  sands  are  in  many  places  covered  by  s 
limestone,  sandstone,  or  calcareo-siliceous  rock  filled  with  mariiM 
shells,  of  which  the  following  is  a  list:  Oliva  mitreola;  Fusos? 
approaching  F.  longaevus ;  Cerithium  cristatum ;  C.  lamellosum; 
C.  mutabile?  Solarium;  Melania  costellata?  Melania?  another 
species;  Pectunculus  pulvinatus ;  CrassateUa  compressa?  Donax 
retusa  ?  Cytherea  nitidula ;  C.  Issvigata ;  C.  elegans  ?  Corbola  nr 
gosa;  Ostrea  fiabellula. 

Upper  Fresh-water  Formation, — This  rock  varies  very  consider- 
ably in  its  mineralosical  character,  being  sometimes  composed  of 
white  friable  and  Cucareous  marls,  at  others  of  different  silioeooi 
compounds ;  among  which  are  the  well-known  millstones,  some- 
times without  shells,  at  others  charged  with  Limnaeae,  Planoihefly 
Potamides,  Helices,  Gyrogonites  (seeds  of  the  Chars),  and  silici- 
fied  wood. 

Organic  Remains, — Animal.     Cyclostoma  elegaDJi  antiqitfi 
Potanndea  Lamarckii ;  Plauorbis  rotundatus;  P.  Comn;  P.  ne- 
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nnens  corneus ;  L.  Fabaliun ;  L.  Tentricosus ;  L.  is* 
ras  pygmaeus ;  B.  Terebra ;  Pupa  Defrandi ;  Hdix 
lix  Demarestina*. 

B.  Muscites?  squamatns;  Chara  medicagintila ; 
;  Njrmphsea  Arethusse ;  Culmites  anomalus ;  Carpo- 
roides  f. 

m  often  remarked,  there  is  evidence  in  the  yarious 
ins  entombed  in  the  strata  above  noticed,  that  the 
sed  within  what  is  commonly  termed  the  Paris  basin, 
fs  been  exposed  to  the  influence  of  the  same  circum- 
the  deposit  of  the  chalk,  but  that  there  has  be«i  an  al- 
iree  lacustrine  or  firesh-water  deposits,  with  two  which 
the  former  constituting  the  lower  and  the  upper  part 

It  remains  to  inquire  the  probable  cause  of  tnese  var 
'  emplojdng  the  term  basin  for  this  collection  of  supra- 
cks,  we,  as  before  observed,  seem  to  assume  that  of 
ve  no  great  evidence ;  the  fresh-water  depodti  may 
nd  probably  were,  effected  in  basins,  but  the  marine 
e  this  form.  It  would  seem  reasonable  to  infer  that 
.ve  been  here,  as  has  been  shown  to  have  happened 
ovements  in  the  land,  changing  its  level  relatively 

When  we  regard  the  mode  in  which  the  varions 
low  arranged,  we  find  that,  as  a  mass,  they  do  not 
mtally  on  each  other ;  but  that,  according  to  MM. 
Irongniart,  there  were  various  inequalities  at  different 
3ncing  with  those  of  the  chalk,  presenting  hills  and 
various  parts  of  this  unequal  soil  the  lignite  and 
rere  deposited,  thus  to  a  certain  extent  filling  up  some 
dides.  Upon  this  the  calcaire  grossier  was  formed, 
re  or  less  tne  inequalities  of  the  surface  beneath.  To 
grossier  succeeded  a  g3rpseous  deposit,  showing  an 
le  sea,  and  the  presence  of  fresh  water,  of  unequal 
1  followed  a  large  deposit  of  sand  covering  up  the 
nequalities,  in  the  upper  pcui;  of  which  sand  are  nu- 
le  remains ;  the  whole  presenting  a  vast  plain.  A 
things  followed ;  the  sea  disappeared,  and  fresh-water 
me  entombed  |. 

anical  and  chemical  circumstances  attending  these 
>  also  curiously  varied.  We  will  not  stop  to  inquire 
inequalities  of  the  chalk  were  produced  suddenly  or 
1  this  head  we  possess  no  very  aecided  evidence ;  but 
f  the  plastic  clay  (properly  so  called)  would  appear 
alow,  even  if  the  detritus,  mechanically  suspended, 

er  and  Brongniart,  Desc.  Geol.  des  Env.  de  Paris. 
Brongniart,  Prod,  d'une  Hist  desVeg.  Fossiles. 
er  and  Brongniart,  Env.  de  Paris. 
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may  have  resulted  from  a  somewhat  violent  wash  of  ihe  inferior 
rocks.  In  the  sands  above  this,  we  have  the  evidence  of  a  turn- 
port  by  water  moving  with  sufficient  velocity  to  carry  sand  on- 
wards. This  is  followed  by  a  deposit,  to  a  certain  extent  qidet, 
composed  of  vegetables  and  amber  derived  from  them.  The  na- 
ture of  the  other  organic  remains  mingled  with  them,  at  fint  in- 
dicates the  presence  of  fresh-water  animals;  but  iinaUy,  some  vaii- 
ation  in  the  relative  level  of  the  land  and  sea,  apparently  occm^ 
ring  gradually  rather  than  suddenly,  (for  there  is  no  evidence  of 
aittth  of  waters,)  introduces  marine  animals,  which  existed  at  tki 
same  time  with  many  fresh-water  animals  that  have  graduaUy  bt* 
come  accustomed  to  live  in  the  same  medium  with  them.  Tfaii 
State  of  things  was  destined  to  disappear,  and  we  have  a  mofi^ 
ment  of  water  sufficient  to  transport  sand.  This  was  succeeded  Iqf 
a  calcareous  deposition,  when  carbonate  of  lime,  probably  in  agieit 
measure  derived  from  the  ruin  of  older  rocks,  was  washed  awi^ 
by  water,  and  deposited  over  a  considerable  space.  It  is  obvioiii» 
from  the  structure  of  these  rocks,  that  the  materials  of  which  thef 
consist  must  have  been  in  a  state  of  fine  mechanical  division,  ton 
as  to  have  required  no  violent  rush  of  waters  for  their  remonl: 
they  probably  subsided  during  a  period  of  tranquillity.  Aftv 
the  deposit  of  the  calcaire  grossier,  the  production  of  calcareooi 
rocks,  remarkable  for  their  cellular  structure,  took  place.  TliB 
origin  of  these  cells  is  unknown ;  but  they  probably  arose  fromtka 
calcareous  matter,  during  the  act  of  subsidence,  enveloping  fbrdgtf 
matter  more  soluble  or  perishable  than  itself,  which  has  suIm* 
auently  been  removed  by  the  agency  of  water.  It  is  remarkaUt 
tnat  the  cavities  are  now  lined  by  silex  in  such  a  manner  as  scaiedy 
to  admit  of  any  other  supposition,  than  that  the  silica  was  depo* 
sited  within  the  cells  from  a  liquid  in  which  it  had  been  previoo^ 
dissolved. 

The  osseous  gypsum  presents  us  with  a  decidedly  new  state  d 
things.  Singular  animals,  of  which  the  very  genera  are  not 
extinct,  must  have  existed  somewhere  in  the  district,  the  remaiM 
of  which  became  in  some  manner  entangled  in  sulphate  of  lia% 
considerable  deposits  of  which  were  then  in  progress.  The  f^ott 
tion  will  arise,  Whence  did  such  a  quantity  of  sulphate  of  uBN 
proceed  ?  Certainly  it  is  a  new  ingredient,  at  least  in  any  alMf 
dance,  in  this  district ;  and  there  is  no  evidence  that  it  was  depv* 
sited  in  a  sea,  as  was  the  case  with  the  carbonate  of  lime  of  w 
calcaire  grossier ;  on  the  contrary,  as  it  only  contains  terrestrid 
and  fresh-water  remains,  it  would  seem  to  have  been  fonaei 
through  the  medium  of  fresh  water.  If  so,  the  previous  level  cf 
the  land  and  sea  had  been  altered,  and  the  springs  of  the  distrkii 
if  the  gypsum  was  derived  from  them,  must,  instead  of  carbonatt 
of  lime,  pave  produced  an  abundance  of  sulphate  of  lime.  IVi 
state  of  things  changed ;  the  sulphate  of  lime  ceased  to  be  prodneei 
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V  deposited  in  abundance,  the  relative  level  of  sea  and  land  again 
became  altered,  the  result  was  a  formation  of  marls  with  marine 
sheDs  in  them ;  during  which,  there  were  at  least  some  places 
.vfaere  rolled  pebbles  were  produced,  to  which  oysters  became 
attached,  some  of  the  pebbles  being  pierced  by  boring  shells.  These 
deposits  are  described  as  conforming  more  or  less  to  the  surface 
iKoeath  each,  and  there  is  no  evidence  of  any  particular  move- 
nent  of  water ;  but  to  them  succeeds  a  vast  quantity  of  sand,  the 
Kganic  remains  in  which  are  broken,  and  the  mass  fills  up  in- 
equalities and  forms  a  plane  surface.  This  appears  to  show  along 
continued  action  of  water,  with  a  velocity  equal  to  the  transport  of 
■nd  over  a  considerable  space.  At  the  close  of  this  period  the 
causes,  whatever  they  were,  that  prevented  the  envelopment  of 
ciganic  remains,  ceased,  and  marine  exuviae  became  entombed  in 
great  abundance.  Finally,  to  crown  this  curious  series,  we  have 
a  deposit  of  a  very  various  mineralogical  character,  containing 
the  remains  of  such  animals  and  vegetables  as  are  only  known  to 
inst  on  dry  land,  marshy  places,  or  in  fresh  water.  This  variety  of 
Buneralogical  structure  is  what  we  should  consider  probable  in  a 
fallow  lake,  into  which  springs,  holding  various  substances  in  so- 
Jntion,  entered  at  various  parts.  The  probability  that  the  water  was 
ihaUow,  at  least  in  part,  has  been  considered  probable  by  MM. 
Covier  and  Brongniart,  from  the  remains  of  CharcB,  so  commonly 
ixmd  in  this  deposit ;  an  opinion  exceedingly  strengthened  by 
Ae  observations  of  Mr.  Lyell  on  the  Chara  of  the  Bakie  Loch, 
Scotland.  To  produce  the  friable  calcareous  marls,  it  is  not  ne- 
cessary that  the  waters  should  be  thermal ;  but  judging  from  the 
l^uenomena  of  existing  springs,  this  condition  would  seem  requi- 
■te  for  the  siliceous  deposit ;  for  we  do  not  know  of  any  such  for- 
Bation  now  in  progress,  except  in  such  springs.  If  the  millstone 
and  other  siliceous  substances  were  thus  produced  (and  it  seems 
diflScult  to  obtain  their  formation  in  any  other  manner  consistent 
mth  existing  causes),  these  thermal  waters  have  disappeared,  and 
■kz  is  no  longer  deposited  in  this  district ;  seeming  to  show  that 
vciy  great  changes  in  the  solvent  powers  of  water,  and  in  the 
tSDperature  of  springs,  may  take  place  in  the  same  district  at 
difierent  epochs.  Tlius  we  have  a  great  deposit  of  carbonate  of 
ISme  at  the  epoch  of  the  calcaire  grossier ;  another  of  sulphate 
flf  lime  at  the  period  of  the  osseous  marls ;  and,  finally,  one  of 
■lex  at  the  time  of  the  millstone  formation. 
-  Si^acretaceous  Rocks  of  England, — Let  us  now  compare  the 
MipFBcretaceous  rocks  of  England  with  those  of  the  Paris  basin. 
Those  of  the  former  countrv  are  commonly  known  by  the  names 
of  Plastic  Clay,  London  Clay,  Bagshot  Sands,  the  Fresh-water 
fismations  of  the  Isle  of  Wight,  and  the  Crag  formerly  noticed. 

Plattic  Clay, — Unlike  the  deposit  to  which  the  same  name  is 
i]^ed  in  the  environs  of  Paris,  this  rock,  thougb  0QQm<(svvd&<] 
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eontaining  a  considerable  abundance  of  clay,  employed  for 
useful  puiposesj  presents  us  with  pebble  beds,  irregularly  altff^ 
nating  witn  sands  and  clay ;  but,  like  the  strata  of  the  same  noM 
at  Paris,  they  rest  upon  an  unequal  swface  of  chalk  benaadi. 
The  organic  remains  also  are  not  principally  terrestrial  and  freik 
water,  but  for  the  most  part  marine,  though  the  others  are  iniav 
mingled  with  them.  These  remains  are,  according  to  Mr.  Cony 
beare :  Univalves — Infundihvlum  echinatum ;  Mure*  Ittm 
M.gradatus,  M,rugotu8,  CeHthmm  fumctdatum,  C.mtermeeHim 
C.  melanoides;  Turritella;  PUmorhU  hemiatoma,  BrvALVE»- 
Ostrea  pukhra,  0.  tener;  Pectunctdus  Plumstediensu ;  Cardim 
Plunutedianum ;  Mya  plana;  Cytherea;  Cydat  euneifdnm 
C,  deperdita,  C.  obovata.  In  addition  to  this,  traces  of  lienil 
and  vegetables  are  observed  in  several  places.  The  three  foUow 
ing  sections  will  convey  an  idea  of  this  deposit  in  the  neighbou 
hood  of  London,  according  to  Prof.  Buckland;  and  in  the  Isle  c 
Wight,  according  to  Mr.  Webster. 

Section  near  Woolwich  {series  ascending). — Chalk  with  fiinti 
above  which :  1.  Green-sand  of  the  Reading  oyster-bed,  contain 
ing.  green  coated  chalk  flints,  but  no  organic  remains;   1  ibo( 

2.  Light  ash-coloured  sand,  without  shells  or  pebbles ;  35  ftel 

3.  Grreenish  sand,  with  flint  pebbles ;  1  foot.  4.  Greenish  uai 
without  shells  or  pebbles ;  8  feet.  5.  Iron-shot  coarse  sand,  wiA 
out  shells  or  pebbles,  and  containing  ochreous  concretions  diqMMe 
in  concentric  laminae ;  9  feet  6.  Blue  and  brown  clay,  striped 
fuU  of  shells,  chiefly  Cerithia  and  Cytherea;  9  feet.  7.  Cfar 
striped  with  brown  and  red,  and  containing  a  few  shells  of  A 
above  species ;  6  feet  8.  Rolled  flints,  mixed  with  a  little  sand 
occasionally  containing  shells  like  those  of  Bromley ;  e.  g.  Ottrei 
Cerithium,  and  Cytherea,  disseminated  in  irregular  patches;  1! 
feet.    9.  Alluvium*. 

Section  at  Loam-Pit  HiU,  three  miles  S,  W,  of  Woolwich  (ord$ 
ascending), — Chalk  with  flints,  above  which:  1.  Green  sani 
identical  with  the  Reading  bed,  and  in  eveiy  respect  resembli|| 
No.  1.  at  Woolwich ;  1  foot  2.  Ash-coloured  sand,  slightly  in 
caceous,  without  pebbles  or  shells ;  35  feet.  3.  Coarse  green  sand 
containing  pebbles ;  5  feet.  4.  Thick  bed  of  ferruginous  sand 
containing  flint  pebbles;  12  feet.  5.  Loam  and  sand,  in  its  uppt 
part  cream-coloured,  and  containing  nodules  of  friable  man,  n 
its  lower  part  sandy  and  iron-shot ;  4  feet.  6.  Three  thin  M 
of  clay,  of  which  the  upper  and  lower  contain  Cytherea,  and  thi 
middle,  oysters ;  3  feet  7.  Brownish  clay,  containing  Cythir«0\ 
6  feet  8.  Lead-coloured  clay,  containing  impressions  of  leaves; 
2  feet  9.  Yellow  sand;  3  feet  10.  Strined  loam  and  plastii 
clay,  containing  a  few  pyritical  casts  of  sncUs,  and  some  thiD 

*  Buckland,  GeoL  Trans.  Ist  series,  voL  iv. 
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leiviet  of  coaly  matter;  10  feet.  11.  Striped  sand,  yellow,  fine 
mA.  innk'iliot;  .10  feet.  At  a  higher  level  than  No.  11.  on  the 
me  hiU,  the  line  of  the  London  clay  commences*. 

Steium  tif  the  vertical  beds  in  Alum  Bay,  Isle  of  Wight  (order 
mendrngf). — ^Above,  or  rather  next  to,  the  chalk :  1.  Green,  red, 
and  yellow  sand ;  60  feet.  2.  Dark  blue  clay,  containing  green 
eirth  and  nodules  of  dark  limestone,  in  the  latter  of  which  Cy- 
Utrettj  TurriieUa,  and  other  shells  are  found ;  200  feet.  3.  A 
HKoession  c^  variously  coloured  sands ;  321  feet.  4.  Beautifully 
CBkNired  sands,  alternating  with  pipe-clay,  coloured  white,  yellow, 
gn^,  and  blackish ;  543  feet.  In  the  central  parts  of  these  latter  de- 
Mits  are  three  beds  of  lignite,  and  above  them,  at  some  distance, 
In  other  lignite  beds ;  each  1  foot  thick.  5.  Strata  of  rolled 
kladi  flint,  contained  in  a  yellow  sand.  6.  Blackish  clay,  contain- 
Off  much  green  earth  and  septaria;  analogous  to  London  clayf. 

It  will  be  observed,  from  these  sections,  that  the  transporting 
powers  of  water  have  not  been  precisely  similar  near  London  and 
•t  the  Isle  of  Wight.  At  the  former,  there  would  appear  to  have 
ben  a  greater  movement  than  at  the  latter ;  the  mass  of  the 
riata  near  London  containing  more  pebbles  in  proportion  to  its 
depth  than  the  beds  of  the  Isle  of  Wight,  where  there  would 
■pear  to  have  been  a  more  calm,  as  well  as  a  more  abundant, 
Hpoait.  This  may  perhaps  in  some  measure  be  accoimted  for, 
h|^  supposing  the  Isle  of  Wight  strata,  now  thrown  into  a  vertical 
pantion,  to  have  been  gradually  accumulated  in  a  hollow  or  cavity, 
■ore  remote  from  the  disturbing  power  of  currents  or  motions  in 
fte  water,  than  in  shallower  depths.  At  all  events,  the  trans- 
portiDg  power  of  the  waters  appears  to  have  been  irregular ;  their 
libcities  varying  in  such  a  manner  that  pebbles  are  carried  for- 
wd  at  one  time,  while  fine  particles  of  detritus  are  alone  moved 
It  another.  In  the  Isle  of  Wight  beds  we  also  see  that  circum- 
iteices  have  been  favourable  to  the  accumulation  of  vegetable 
■atter,  which  is  not  irregularly  disseminated,  but  occurs  in  beds; 
the  drcmnstances  which  attended  this  deposit  being  continued  at 
Bngidar  intervals,  such  as  might  be  expected  at  me  mouths  of 
nfm. 

London  Clay, — ^This  name  has  been  applied  to  the  great  argil- 
laeeous  deposit  which  underlies  the  London  district.  The  day  is 
aoidy  blueish  or  blackish,  and  composed  of  argillaceous  and  cal- 
CVBOOB  matter  in  variable  proportions,  the  latter  rarely  attaining 
ft  ndBdent  quantity  to  constitute  marl  or  imperfect  limestone. 
iiyen  of  calcareous  concretions,  known  by  the  name  of  Septaria, 
vcby  no  means  unfrequent;  and  it  is  stated  that  beds  of  sand- 
ire  occasionally  observed  in  it. 

*  Buckland,  Geol.  Trans.  Ist  series,  vol.  iv. 
t  Webster,  Geol.  Trans.  Ist  series,  vol.  iv. 
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■  It  has  been  often  remarked,  that  if  the  description  of  the  Fi 
rocks  had  not  preceded  that  of  the  country  round  London  and 
the  Isle  of  Wight,  it  never  would  have  been  considered  that  ti 
so  called,  Plastic  Clay  was  separated  from  the  London  Clay^  1 
rather  that  they  constituted  different  terms  of  the  same  seriet; 
will  have  been  observed  that  in  the  above-noticed  secti(m  at  Ali 
Bay,  in  the  Isle  of  Wight,  there  was  nothing  to  warrant  sue 
separation ;  neither  does  there  appear  to  be  any  good  reason  n 
in  the  London  district  they  should  not  be  regarded  as  upper  i 
lower  portions  of  a  deposit  formed  under  nearly  similar  gen( 
circumstances.  The  deposit  of  the  London  Clay  would  appeal 
mark  a  comparatively  quiet  state  of  things ;  and  the  clay  nan 
Plastic  marks  a  similar  state,  although  it  occurs  among  sands  i 
pebbles.  The  whole  seems  merely  to  show  that  the  velocitiei 
the  transporting  waters  varied,  and  that  they  continued  fo 
longer  period  of  little  importance  during  the  deposit  of  the  Loni 
clay. 

This  clay  varies  very  considerably  in  thickness.  Thus,  < 
mile  east  of  London  it  is  only  seventy-seven  feet  deep ;  at  a  i 
in  St.  James*s-street,  235  feet ;  at  Wimbledon  it  was  not  pier 
through  at  530  feet;  and  at  High  Beech,  700  feet*. 

Organic  Remains, — A  Crocodile;  a  Turtle.  Fish.  Crustai 
a  great  variety,  few  of  which  have  been  noticed;  among  these  I 
Cancer  tuberculatus,  Konig;  C.  Leachii,  Desmarest;  Inac 
Lamarckii,  Desm.  Conchifera — Clavagella  coronata.  Desk,,  i 
gros.,  Paris ;  Fistulana  personata.  Lam.,  cal.  gros.,  Paris ;  Gasl 
chaena  contorta;  Pholadomya  margaritacea,  Sow,;  Solen  affii 
Sow, ;  Panopaea  intermedia.  Sow, ;  Mya  subangulata.  Sow, ;  \ 
traria  oblata,  Sow, ;  Crassatella  sulcata.  Lam,,  cal.  gros.,  Pai 
C.  plicata.  Sow, ;  C.  compressa ;  Corbula  globosa.  Sow, ;  C.  Pun 
Sow,;  C.  revoluta.  Sow.;  Sanguinolaria  HoUowaysii,  Sow,; 
compressa,  Sow,;  Tellina  Branderi,  Sow,;  T.  filosa,  Sow,; 
ambigua.  Sow, ;  Lucina  mitis,  Sow, ;  Astarte  rugata,  Sow, ;  ( 
therea  nitidula,  Lam,,  cal.  gros.,  Paris,  Bordeaux ;  Venus  ma 
sata.  Sow,;  V.  transversa.  Sow,;  V.  ele^ans.  Sow,;  V.  pecti 
fera,  Sow. ;  Venericardia  Brongniarti,  ISow, ;  Ven.  planioof 
Lam,,  cal.  gros.,  Paris,  Ghent;  Ven.  carinata,  Sow,;  Ven.  d 
toidea.  Sow,;  Ven.  oblonga.  Sow,;  Ven.  globosa.  Sow.;  Vi 
acuticostata.  Lam.,  cal.  gros.,  Paris;  Cardium  nitens,  Sow,; 
semigranulatum,  Sow,,  molasse,  Switzerland ;  C.  turgidum,  Sai 
C.porulosum,  Lam.,  cal. gros.,  Paris;  C.  edule,  Brander,  Borden 
analogous  to  the  existing  species ;  Cardita  margaritacea.  Sow,;  I 
■cardia  sulcata.  Sow,;  Area  duplicata,  Sow.;  A,  Branderi,  Sow,; 
appendiculata.  Sow,;  Pectunculus  decussatus.  Sow,;  P.  costati 

*  Conybestre  and  Phillips's  Outlines  of  the  Geology  of  England  i 
Wales :  art  London  Clay, 
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te. ;  P.  scalaris,  Sow*;  P.  bre^d^ostris,  Sow,;  P.  pulvinatus, 
Xmn^  caL  gros.,  Paris,  Bordeaux,  Turin,  Traunstein;  Nucula 
■milisy  Sow,  /  N.  trigona,  Sow, ;  N.  minima,  'S'oef;. ;  N.  inflata, 
Smo,;  N.  amygdaloides,  Sow.;  Axinus  angulatus,  Sow,;  Chama 
ifnamosa,  Sow, ;  Pimia  afiinis,  Sow, ;  P.  arcuata,  Sow, ;  Avicula 
JHdia,  Sow^ ;  Pecten  corneus,  aS'c^.  ;  P.  carinatus,  Sow. ;  P.  du- 
fBcatuBy  Sow, ;  Ostrea  gigantea,  Sow.,  Traunstein ;  O.  flabellula, 
lam,,  cal.  gros.,  Paris,  Bordeaux ;  O.  dorsata,  Sow. ;  O.  cymbula, 
Xfln.,  cal.  gros.,  Paris,  Bordeaux;  O.  oblonga,  Brander ;  Lin- 
Igola  tenuis,  Sow,  Mollusca — Patella  striata,  Sow. ;  Cal3rptrsea 
l^oehiformis,  Lam,,  cal.  gros.,  Paris;  Infundibulum  obliquum, 
[Jm^;  I.  tuberculatum,  Sow,;  I.  spinulosum.  Sow,;  Bulla  con- 
Ihicta,  Sow, ;  B.  elliptica.  Sow, ;  B.  attenuata.  Sow. ;  B.  filosa, 
fJW.;  B.  acuminata.  Sow,;  Auricula  turgida.  Sow.;  Au.  simu- 
r  lita,  Sow, ;  Melania  sulcata.  Sow, ;  M.  costata,  Sow,  (Qu.  M.  cos- 
idhta,  Brander  and  Lam,,  cal.  gros.,  Paris?);  M. minima,  Sow, ; 
M.  truncata,  Sotp, ;  Paludina  lenta.  Sow, ;  P.  concinna.  Sow. ; 
.  Anpullaria  ambulacrum,  Sow, ;  Am.  acuta.  Lam.,  cal.  gros., 
^Pkris ;  Am.  patula.  Lam,,  cal.  gros.,  Paris ;  Am.  sigaretina.  Lam,, 
4aL  gros.,  Paris ;  Neritina  concava,  Sow, ;  Nerita  globosa.  Sow.  ; 
N.  aperta,  Sow. ;  Natica  Hantoniensis ;  N.  simiiis.  Sow. ;  N. 
I^iiicmoides,  Sow, ;  N.  striata.  Sow, ;  Sigaretus  canaliculatus, 
&m, ;  cal.  gros.,  Paris,  Bordeaux ;  Acteon  crenatus.  Sow, ;  A. 
■ikiigatus.  Sow, ;  Scalaria  acuta,  Soiv. ;  S.  semicostata.  Sow, ; 
& interrupta,  Sow, ;  S. undosa,  Sow,;  S.  reticulata,  Sow, ;  Solarium 
'Mtulum,  Lam.,  cal.  gros.,  Paris,  Bordeaux;  Sol.  discoideum, 
im,;  Sol.  canaliculatum.  Sow,;  Sol.  plicatum.  Lam.,  cal.  gros., 
-Biris;  Trochus  Benettise,  Sow,,  Piacenza,  Turin,  Bordeaux;  T. 
citensus,  Sow, ;  T.  monilifer.  Lam.,  cal.  gros.,  Paris ;  Turritella 
'Mooidea,  Sow.  ♦ ;  Tur.  elongata.  Sow. ;  Tur.  brevis.  Sow. ;  Tur. 
edita,  Sow,;  Tur.  multisulcata.  Lam.,  cal.  gros.,  Paris;  Cerithium 
^obitim,  Sow, ;  C.Comucopiae,  Sow, ;  C.  giganteum.  Lam,,  cal.  gros-, 
.  Paris ;  C.  pyramidale.  Sow, ;  C.  geminatum.  Sow, ;  C.  funatum, 
&».f ;  Pleurotoma  attenuata,  Sow,;  P.  comma.  Sow.;  P.  semi- 
«lon.  Sow,;  P.  colon.  Sow,;  P.  exerta.  Sow,;  P.  rostrata.  Sow.; 
P.  acuminata.  Sow. ;  P.  fusiformis.  Sow, ;  P.  laevigata.  Sow, ;  P. 
Wevirostra,  Sow.;  P.  prisca,  Sow,;  Cancellaria  quadrata.  Sow,; 
C.  laeviuscula.  Sow. ;  C.  evulsa.  Sow, ;  Fusus  deformis,  Konig  ;  F. 
fengaevus,  Lam,,  cal.  gros.,  Paris;  Fusus  rogosus,  Lam.,  cal. 
pM.,  Paris,  Bordeaux;  F.  acuminatus.  Sow,;  F.  asper,  Sow,;  F. 
ooIbUbrmis,  Lam.  (4  var.),  cal.  gros.,  Paris ;  F.  ficulneus,  Sow, ; 

•  According  to  M.  Deshayes,  Turritella  conoidea,  T.  elongata  and  T, 
tUta,  of  Sowerby,  are  the  same  shells,  referable  to  T.  imbricataria  of 
Umarck. 

t  It  is  remarkable  that,  out  of  the  numerous  species  of  Cerithium 
finind  in  the  calcaire  grossier  of  Paris,  the  C,  giganteum  should  be  the 
only  one  yet  noticed  in  the  London  clay. 
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P.  errans,  Sow,;  F.  regularis,  Sow.;  F.  Lima,  Sow.;  F.ei 
Sow.;  F.  conifer,  Sow.;  F.  bifasciatus,  Sow,;  F.  compi 
Sow.;  Pyrula  nexilis, 'S'ott;. ;  P.  Greenwoodii,  Sow.;  P.  u 
Lam.,  cal.  gros.,  Paris,  Traunstein;  Murex  Bartonensis,  Si 
fifltulosus,  Sow.;  M.  interruptus,  Sow,;  M.  argutus,  So 
tricarinatus,,  Lam.,  cal.  gros.,  Paris,  Vicentin;  M.  bis] 
Sow, ;  M.  frondosus.  Lain,,  caL  gros.,  Paris ;  M.  defbssui 
M.  Smithii,  Sow,  (2  var.) ;  M.  tnUneatus,  Sow, ;  M.  curtu 
M.  tuberosus.  Sow.;  M.  minax.  Sow,,  Switzerland;  M.  c 
Sow.;  M.  coronatus.  Sow.;  Rostellaria  Parkinsoni,  Sow, 
K.  lucida,  Sow. ;  R.  rimosa.  Sow. ;  R.  macroptera,  Sow.  ( 
R.  Pes-Pelicani  (Sfcrombus  Pes-Pelicani,  Linn.),  Piacen 
analogous  to  the  existing  species ;  Cassis  striata.  Sow.;  C.  c 
Lam.,  caL  gros.,  Paris;  Harpa  Trimmer],  Parkinson;  Bi 
junceum,  Sow. ;  B.lavatimi,  Sow. ;  B.  desertum,  Soto. ;  B.  c 
latum,  Sow. ;  B.  labiatum,  Sow. ;  Mitra  scabra,  Sow. ;  M 
Sow.;  M.  pumila,  Sow.;  Voluta  Luctator,  Sow.;  V. 
Lam.,  cal.  gros.,  Paris ;  V.  suspensa.  Sow. ;  V .  monstrosi 
V.  costata,  Sow.;  V.  Magorum,  Sow.;  V.  Athleta,  Sow.; 
paiqterata.  Sow. ;  V.  ambigua.  Sow. ;  V.  nodosa.  Sow. ;  \ 
Sow.;  V.  geminata,  Sow,;  V.  bicorona.  Lam.,  cal.  gros.^ 
Volvaria  acutiuscula.  Sow. ;  Cyprsaa,  oviformis.  Sow. ;  Ter 
fusiforme,  Sow,;  T.  convolutum,  Al.  Brong.,  cal.  gros., 
Ancellaria  canalifera.  Lam,,  cal.  gros.,  Paris,  Bordeaux ; 
niformis.  Sow.;  A.  Turritella,  Sow.',  A.  subulata.  Sow, 
Itomderi,  Sow, ;  O.  Salisburiana,  Sow, ;  Conus  Dormitoi 
C.  concinnus  (2  var.).  Sow, ;  C.  scabriusculus  (2  var.),  S^ 
lineatus,  Brander;  Nummulites  laevigata.  Lam,,  cal.  gros 
Bordeaux,  Traimstein;  Num.  variolaria.  Sow.;  Num.  ( 
Sow. ;  Nautilus  imperialis.  Sow.,  cal.  gros.,  Paris ;  N.  ci 
Sow.;  N.  ziczac.  Sow.;  N.  regaUs,  Sow.* 

Vegetable  Remains. — The  Isle  of  Sheppy  has  long  been 
as  Infolding  a  great  variety  of  fruite  and  seeds  j  and  small  ] 
and  masses  of  wood  are  found  in  the  London  clay  ebewh< 
aigillo-calcareous  concretions  frequently  enveloping  piec< 
Some  fragments  are  pierced  by  a  boring  shell  analogou 
Teredo  navalis,  which  shows  that  the  wood  must  have  flc 
the  sea  f . 

Bagshot  Sands. — These  rest  on  the  London  clay,  and 
according  to  Mr.  Warburton,  of  ochreous  meagre  sand, 
green  clay  alternating  with  a  green  sand,  and  alternations  c 
sulphur-yellow,  and  pinkish  foliated  marls,  containing  al 

*  Sowerby's  Mineral  Conchology ;  Woodward's  British  Orgl 
■lains;  Al.  Brongniart,  Tableau  des  Terrains  qui  composent 
du  Globe. 

f  Outlines  of  Geol.  Engl,  and  Wales. 
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|Eui»  of  green  sand,  and  fossil  shells  of  the  genera  Trochus  ? 
CntioteUoj  Pecten*. 

Fmkrwater  Formationsj  Isle  of  Wight  and  Hampshire, — We 

m  indehted  to  Mr.  Webster  for  the  discovery  of  these  beds,  not 

long  after  the  labours  of  MM.  Cuvier  and  Brongniart  on  the  su- 

fnoretaceous  rocks  round  Paris  so  strongly  excited  the  attention 

■cf  geologists.    The  fresh- water  strata  of  the  Isle  of  Wight  are 

divided  into  two  deposits  by  a  rock  characterized  by  the  presence 

^if  marine  remains,  and  named  the  Upper  Marine  Formation,  from 

^king  a  supposed  equivalent  to  the  sands  which  intervene  between 

I  itt  two  fresh-water  deposits  of  Paris.     The  lower  fresh-water  de- 

C't  of  Binstead  near  Ryde,  consists  of  a  limestone  formed  of 
ments  of  fresh-water  shells,  white  shell  marl,  siliceous  lime- 
Itone  and  sand ;  at  Headen  the  equivalent  rock  is  composed  of 
vdy,  calcareous,  and  argillaceous  marls.  According  to  Mr. 
Aitt,  one  tooth  of  an  Anoplotherium  and  two  teeth  of  a  Palceo- 
ikenum  have  .been  discovered  in  the  lower  and  marly  beds  of  the 
Bbttead  quarries ;  and  he  further  states,  that  these  remains  were 
"■ccompanied,  not  only  by  several  other  fragments  of  bones  of 
iMiydermata  (chiefly  in  a  rolled  and  injured  state),  but  also  by 
As  jaw  of  a  new  species  of  Ruminant,  apparently  closely  allied  to 
■As  genus  Moschus  f . " 

Ptof.  Sedgwick  observes,  that  in  the  upper  part  of  this  deposit 
ftere  is  a  mixture  of  fresh-water  and  marine  species,  especially  in 
Golwell  Ba}*^,  where  a  single  specimen  of  rock  contained  the  fol- 
lowing genera:  Osirea,  Venus,  Cerithium,  Planorbis,  Lymncea. 
The  common  fossils  in  the  lower  fresh-water  deposit  would  appear 
~lsbe:  Paludina,  Potamides,  Melania  (more  than  one  species), 
4e2M  (2  species),  Unio,  Planorbis,  Lymnaa  (both  the  last  more 
'.Bin  one  species),  Mya,  Melanopsis  L 

The  Upper  Marine  Formation,  first  noticed  by  Mr.  Webster,  was 
'oDed  in  question  by  Mr.  G.  B.  Sowerby,  who  showed  that  all  the 
Mis  detected  in  it  were  not  marine;  and  he  hence  inferred  that 
Aere  was  no  real  separation  between  the  fresh-water  formations 
•fflie  Isle  of  Wight  §.  Subsequently  to  Mr.  Sowerby 's  remarks, 
htiL  Sedgwick  has  presented  us  with  an  account  of  these  strata, 
b  which  he  remarks  that  **  the  lower  calcareous  beds  appear  to 
We  been  tranquilly  deposited  in  fresh  water.  But  if  we  ascend 
to  the  argillaceous  marl  which  rests  immediately  upon  them,  we 
Bot  only  find  a  complete  change  in  the  physical  circumstances  of 
As  deposit,  but  a  new  suite  of  organic  remains ;  some  of  which 
^€i  a  marine  origin,  others  of  a  doubtful  character,  and  a  few 

*  Warburton,  Geol.  Trans.,  vol.  i.  2nd  series. 

t  Pratt,  Proceedings  of  the  Geol.  Soc.  1831. 

X  Sedgwick,  On  the  Geology  of  the  Isle  of  Wight ;  Annals  of  Philos. 


§  G.  6.  Sowerby,  Ann.  of  Phil.  1821. 
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are  identical  with  those  in  the  lower  heda  *."  With  regard  to  th 
organic  remains  contained  in  this  rock,  Mr.  Wehster  paints  out 
thick  oyster-hed  in  Colwell  Bay ;  and  Pro£  Sedgwick  gives  tfa 
following  list  of  shells :  Murex  (at  least  two  species),  Bucemm 
AnciUa  9ui)ulata,  Voluta  (resembling  V,  spinosa),  BosteUaria  n 
mosa,  (two  last  species  rare,)  Murex  effbasutf  Brander,  M.  u 
nexus,  Brander,  Fusiu  (fragments),  Natica,  Venus,  NucuUi,  Cm 
hula,  Corbis  ?  MytUus,  Cyclas,  Potamides,  Melanopsis,  NeriUt  { 
species,  one  approaching  N.JlumatUis),  together  with  other  &eA 
water  shells.  These  beds  would  therefore  appear  to  have  bee 
deposited,  as  Prof.  Sedgwick  observes,  in  an  estuary.  But  to  hsv 
produced  this  estuary,  and  the  circumstances  requisite  for  the  pn 
sence  of  marine  shells,  some  physical  change,  some  alteration  c 
the  relative  levels  or  of  the  geographical  features  of  the  sea  an 
land,  seems  necessary,  for  the  previous  deposit  does  not  contii: 
marine  remains. 

Upper  Freshwater  Formation, — ^This,  according  to  Mr.  Wd 
ster,  principally  consists  of  yellowish  white  marls,  in  which  tba 
are  more  indurated,  and  apparently  more  calcareous  porti<mi 
The  organic  remains  are  either  fresh-water  or  terrestrial;  an 
therefore  the  circumstances,  whatever  they  were,  which  permitto 
a  mixture  of  marine  shells  in  the  beds  beneath,  no  longer  existed 
and  a  tranquil  deposit  in  some  lake  was,  probably,  the  mode  i 
which  these  beds,  about  100  feet  thick,  were  formed. 

The  fresh-water  formation  of  Hordwell  Cliff,  Hampshire,  wi 
first  described  by  Mr.  Webster,  in  1821.  The  cliff  is  noticed  i 
composed  of  alternations  of  clays  and  marls,  some  of  a  fine  blueia 
green  colour,  in  which  there  were  also  beds  of  hard  calcareon 
marls,  apparently  derived  from  shells  of  the  genera  Lymnaa  9» 
Planorbis,  The  whole  is  surmounted  by  a  mass  of  transport 
gravel,  which  covers,  the  various  rocks  of  the  vicinity.  Mi 
Webster  observed  that  these  beds  seemed  the  equivalent  of  tk 
lower  fresh-water  deposit  of  the  Isle  of  Wight  Subsequently  ft 
these  observations  of  Mr.  Webster,  Mr.  Lyell  published  a  mm 
detailed  account  of  the  Hordwell  beds ;  whence  it  would  appei 
that  the  upper  strata  do  not  show  a  passage  into  a  marine  depotil 
as  was  first  supposed,  but  that  all  the  fossil  contents  of  the  bed 
point  to  a  fiesh-water  origin,  equivalent  to  the  lower  fresh-wate 
rocks  of  the  Isle  of  Wight.  The  following  are  the  organic  n 
mains  discovered  at  Hordwell,  according  to  Mr.  Lyell :  Tortow 
scales  (a  Tortoise  found  at  Thomess  Bay,  Isle  of  Wight)  ;  Gyr^ 
gonites,  or  seed-vessels  ot  Charce  (C.  medicayinula)  ;  seed-vetfe 
named  Carpolithes  thalictroides,  Ad.  Brong.  ;  teeth  of  crocodik) 
and  scales  of  fish  ?  Helix  lenta,  Brander,  abundant ;  Melama  » 
nica;  Melanopsis  carinata;  M.  brevis ;  Planorbis  lens;  P*  ^ 

•  Sedgwick,  Annals  of  Phil.  1822. 
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r;  Lywuuta  funformis  ;  L,  longUeata;  Z.  eohmeUaria; 
le$;  P,  margaritaeetu  ?  Nerkma;  AncyUu  iUgoma; 
iUmdri ;  Mya  gregarea ;  M,  plana;  M.  sttbangulatay 
ihe  young  of  M,  plana ;  Cyelas  (2  species).  Mr.  Lyell 
ly  that  though  the  species  are  few,  the  individuals  are  xui- 
— a  common  characteristic  of  fresh-water  deposits*, 
in  the  Isle  of  Wight  and  on  the  opposite  coast  of  Hamp- 
ese  fresh-water  deposits  rest  upon  a  considerable  thickness 
As  a  similar  sand  occurs  in  the  fresh-water  rooks  of 
11,  Mr.  Lyell  considers  that  there  is  as  much  probability  of 
-water,  as  of  its  marine  origin.  Be  this  as  it  may,  there 
ve  been  a  difference  in  the  transporting  power  of  water 
;  the  sands,  from  that  which  permitted  we  deposit  of  the 
rhich  seems  to  have  been  very  quiet  The  sands  certainly 
require  any  considerable  velocity  of  water;  still  there 
ve  been  a  difference  in  the  circumstances  attending  the 
of  the  one  mass  and  of  the  other,  though  those,  which 
)  to  the  mass  of  sand,  partially  returned  during  the  forma- 
he  marls. 

y  material  difference,  it  will  be  observed,  must  have  at- 
^e  deposit  of  the  supracretaceous  rocks  in  the  Parisian 
l^lish  districts  (London  and  Isle  of  Wight),  as  far  as  re- 
leir  mineralogical  nature.  In  the  former  we  have  deposits 
»nate  of  lime  (calc.  grossier),  sulphate  of  lime  (gypseous 
),  and  silex  (millstones) ;  formations  only  in  part  mecha- 
'hile  in  the  latter  we  have  little  that  may  not  be  considered 
er  mechanical,  with  the  exception,  perhaps,  of  the  fresh- 
arls  and  the  calcareous  concretions  in  the  London  day, 
itter  may  have  been  chemical  separations,  after  deposition, 
i  argilio-calcareous  mass.  There  is,  nevertheless,  such  an 
between  the  organic  character  of  the  calcaire  grossier  of 
d  the  London  clay,  that  though  not  strictly  identical,  they 
^e  been  nearly  contemporaneous ;  so  that  however  the  mi- 
cal  character  of  these  deposits  may  vary,  we  may  suppose 
have  been  formed  at  the  same  or  nearly  the  same  epoch, 
cumstances  and  accidents  having  determined  the  character 

mits  prevent  a  proper  notice  of  the  labours  of  Pr6voat, 
'oltz,  Parsch,  LUl  V  on  Lillienbach,  Pusch  f ,  and  many 

1,  GeoL  Trans.  2nd  series,  vol.  ii. 

1  a  great  variety  of  supracretaceous  deposits  in  Russia  and 
his  author  remarks  some  with  an  oolitic  character,  especially 
ispol,  Latyczew,  and  Kaluez,  on  the  Dniester,  aud  in  the  Ceda 
^zemowitz.  The  pisolitic  structure  of  some  supracretaceous 
8  is  particularly  remarkable  in  some  parts  of  Poland.  The  grains 
r  reniform  or  roimded,  and  generally  of  the  size  of  a  \^  ot  9^ 
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other  ^ologists,  on  the  rocks  of  this  age  in  various  parts  of  £t* 
rope ;  out  the  following  section  seems  so  important  that  it  reqoirei 
a  place  here. 

Prof.  Pusch,  descrihing  the  rocks  of  Podolia  and  southern  Rntf* 
sia,  states,  that  near  Krzeminiec,  in  Volhynia,  (where  monntaiu 
rise  ahove  a  plain  covered  with  chalk  flints  and  sand,)  upper  sapnr 
cretaceous  sandstone,  occupying  a  thickness  of  396  feet  ahove  the 
river  Ikwa  and  sixty  feet  heneath  it,  is  composed  of:  1.  Twenty 
feet  of  sand,  cemented  hy  a  little  carhonate  of  lime,  containiuf 
many  small  shells  and  madrepores,  the  latter  approaching  M,  eef 
vicornis,  2..  Forty  feet  of  calcareous  sandstone,  containing  manj 
shells  of  the  genera  Cardium,  Venericardia,  and  Area,  3.  Sixfej 
feet  of  a  compact  quartzose  and  porous  sandstone,  the  cavities  filkc 
with  sand;  contains  many  Fenericardine ;  lowest  part  mostca) 
careous.  4.  Eighty  feet  of  a  marly  limestone,  containing  mani 
striated  Modiolee,  Pectens,  and  other  shells.  5.  At  sixty  feet  be 
neath  the  surface,  a  quartzose  and  slightly  calcareous  white  sand 
stone,  containing  numerous  Venericardiegj  Trochi,  and  PaltuSm 
or  Phasianellis,  "According  to  M.  Jarocki, — ^while  sinking  a  wd 
in  June  1829,  the  tusk  and  molar  tooth  of  an  elephant  were  foun 
in  the  last-mentioned  bed  (No.  5),  which  are  now  preserved  in  ib 
museum  of  Krzeminiec.  Many  other  bones  were  also  observed,  bo 
they  were  too  firmly  fixed  in  the  rock  to  be  extracted*."  M.  Piisd 
further  remarks,  that  this  rock  is  the  same,  both  mineralogicallj 
and  zoologically,  as  the  tertiary  sandstone  of  Szydtow  and  Chmia 
nik,  in  Poland ;  and  that  this  fact  is  analogous  to  the  occurreno 
of  an  elephant's  molar  tooth  and  tusk  in  the  tertiary  sandstone 
of  Rzaka,  Wieliczka,  which  contains  Pecten  polonicwtf  Scunctna 
and  many  other  marine  shells.  The  reader  will  also  observe  tha 
it  corresponds  with  the  occurrence  of  the  remains  of  the  great  P« 

bean,  though  they  here  and  there  become  two  or  three  inches  in  diame 
ter.  Good  examples  of  this  rock  are  seen  at  Rakow.  M.  Pusch  state 
that  repeated  observations  have  convinced  him  that  these  concretioD 
are  derived  from  corals,  especially  Nullipora,  He  observes  that  the  laif 
reniform  concretions  of  Rakow  are  only  the  Nullipora  byssoides,  Laia 
or  the  N,  racemosa,  Goldf.  In  some  places,  particularly  at  Skotniki 
near  Buskb,  a  rock  of  this  kind  appears  as  if  composed  of  bullets  aiM 
cannon-balls. 

It  should  be  stated  that  Prof.  Pusch,  from  a  careful  comparison  of  tbt 
shells  contained  in  the  supracretaceous  limestone  of  Poland  with  thoK 
figured  by. various  authors,  considers  that  the  tertiary  shells  of  Folsn^ 
bear  a  much  greater  resemblance  to  those  found  at  the  foot  of  the  Italia 
Alps  and  in  the  Sub-Apennine  hills,  than  those  discovered  in  "Enf^ifA^ 
the  North  of  France ;  moreover,  that  the  species  which  at  first  sight  do 
appear  identical  with  those  of  France  and  Italy,  are  found  to  be  variedc* 
of  them  when  examined  with  attention. 

*  Pusch,  Journal  de  G^ologie,  1 2. 
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rmata,  previously  noticed  as  found  mingled  with  marine  ex- 
it other  parts  of  £urope. 

rill  have  heen  remarked,  that  throughout  this  detail  of  su- 
iaceous  rocks,  (perhaps  too  long  for  a  work  of  this  nature,) 
eervations  have  been  confined  to  certain  parts  of  Europe. 

of  the  same  nature  no  doubt  aboimd  in  other  parts  of  the 
;  indeed  we  are  well  assured  that  very  extensive  districts  are 
Med  of  them, — as  for  instance  in  India ;  but  our  knowledge  of 
is  as  yet  so  iinperfect,  that  we  cannot  with  safety  compare 
with  known  European  deposits.  Dr.  Buckland,  from  the 
lation  which  he  obtained  from  Mr.  Crawfurd,  who  collected 
mdance  of  organic  remains  on  the  banks  of  the  Irawadi,  con- 
d  that  supracretaceous  rocks  probably  existed  in  the  king- 
f  Ava,  containing  shells  of  the  j?enera  AncUlaria,  Murex, 
itKm,  Oliva,  Aitarte,  Nucula,  Eryoina,  TeUina,  Teredo; 
I  with  sharks'  teeth  and  fish  scales :  these  remains  are  con- 
l  in  a  coarse  shelly  and  sandy  limestone.     A  great  abun- 

of  mammiferous  and  other  remains  were  discovered  id  the 

Sr  of  some  petroleum  wells,  between  Prome  and  Avl^  ap- 
y  mixed  with  much  silicified  wood  in  a  sandy  and  gravelly 
it  The  bones  or  teeth  of  vertebrated  animals  consist  of  those 
i  Mastodon  latidens,  Clift ;  M.  elephantoidea,  Clift ;  Hippo- 
nu;  Stu;  Rhinoceroi ;  Tapir ;  Ox;  Deer ;  Antelope;  Tri- 
:  Emys  ;  and  Crocodiles  (2  species)  *.  Mr.  Scott  met  with 
probably  of  the  supracretaceous  epoch,  in  the  Carib&ri  hills, 
ank  of  uie  Brahm-putra.  The  following  section  (order  as- 
Dg)  was  observed : — 1.  Slate  clay.  2.  Ferruginous  concre- 
and  indurated  sand.  3.  Yellow  or  green  sand.  4.  Slate- 
5.  Sand  and  small  gravel.  Fossil  wood  is  found  on  the 
ated  clay ;  and  in  a  small  isolated  hill  in  the  vicinity  the 
ing  remains:  Teeth  and  bones  of  sharks,  fish  palates  and 
nes,  teeth  and  bones  of  crocodiles,  remains  ofquadrupeds, 
egy  Cerithia,  TurritelliB,  Balani,  PatelUe,  &c.f  These  exuviae 
subsequently  been  examined  by  Mr.  Pentland,  who  found 
he  mammiferous  remains  were  referable  to  the  genus  An- 
jtherium,  Cuv.,  to  a  species  allied  to  the  genus  Moschus,  to 
Jl  species  of  the  order  Pachydermata,  and  to  a  carnivorous 
d  of  the  genus  Fiverra.  The  Anthracoiherium  he  proposes 
me  A.  SUistrense  t* 

ese  observations  are  sufficient  to  show  that  rocks,  probably  su- 
etaceous,  exist  extensively  in  India.  According  to  Prof.  Van- 
i  and  Dr.  Morton,  the  supracretaceous  or  tertiary  rocks  are 
invely  distributed  over  paits  of  the  United  States,  occurring  in 

*  Buckland  and  Clift,  Geol.  Trans.  2nd  series,  vol.  ii. 
t  Colebrooke,  Geol.  Trans.  2nd  series,  vol.  L 
X  Pentland,  Geol.  Trans.  2nd  series,  voL  ii. 
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Nantucket,  Long  Islancl,  Manliattan  Island,  the  adjacent  coostBuf 
New  York  and  New  England ;  sparingly  in  New  Jersey  and  De- 
laware, but  extensively  in  Maryland  and  to  the  southward.  The 
deposit  is  stated  to  be  composed  of  limestone,  bufaiHrtone,  sande^ 
gravels,  and  cl^s ;  and  contains  the  remains  of  the  genera  OrircB, 
Pecten,  Arca^  Pectunculus,  TurriteUa,  Buccmumj  Venus,  Maetn, 
Natica,  TeUirui,  Nucidoy  Fenericardia,  Ckama,  Cal^ptraaf  FutMi, 
PanopaOf  Serpukty  Dentalium,  Cerithium,  Cardiuniy  Crauattikf 
Oiiva,  LucinOf  Corbula,  Pyrula,  Crepidula,  Pema,  &c.  Of  150 
species  of  these  shells,  found  in  a  single  locality  in  St  Muyi 
county,  Maryland,  Mr.  Say  has  described  and  figured  more  tfaiai 
forty  as  new  *.  According  to  Dr.  Morton,  the  upper  supracretap 
ceous  beds  of  Maryland  and  the  more  southern  states  contain  tfe 
following  species  of  shells,  still  found  in  a  recent  state  on  tfe 
coasts  of  the  United  States : — Natica  duplicator  Say ;  Amr  emt' 
reus,  Say ;  Pyrtda  carica,  Lam. ;  P,  c<maHcukila,  Lam. ;  Ostrm 
virffinicOf  Linn.;  0,  fl^ibeliuUi,  Lam.;  PUcatula  ramosa,  Laa.; 
Area  arata,  Say;  Lucina  divarieata,  Lam.;  Femu  mercemun, 
Linn. ;  F.  paphia  f  Lam. ;  Cytherea  concefUrica,  Lam. ;  Matifa 
ffrandiSjlAnn.;  Pholas  co«^ato,Linn.;  BaUmus  tintinnabulttm?  LmLf 
7\trbo  Uttoreus  ?  Linn. ;  and  a  Buccinum  f .  That  deposits  ofa  •- 
milar  age  are  not  wanting  in  South  America  seems  also  oertaki; 
but  as  yet  they  have  not  been  examined  in  sufficient  detail  to  Mar 
able  us  to  institute  any  useful  comparison  with  rocks  of  the  saaa 
antiquity  in  Europe.  Neither  can  we,  for  the  same  reason,  jodge 
of  the  relative  antiquity  of  innumerable  igneous  formations  scat- 
tered over  various  parts  of  the  world.  As  the  science  of  geology 
advances,  great  insight  must  be  obtained  into  the  superficial  ajp- 
pearance  of  the  world  at  this  period,  leading  to  the  most  importaat 
conclusions;  but  we  must  anticipate  very  serious  obstacles  to  thb 
advancing  knowledge,  arising  m>m  hasty  generalizations  of  keil 
facts,  and  the  too  common  endeavour  to  force  conclusionSi  SMie 
particularly  as  to  the  identity  or  parallelism  of  deposits. 

It  is  impossible  to  close  this  sketch  of  the  supracretaceoos  roeb 
without  noticing  the  important  observations  of  Dr.  Bou6  on  Aon 
of  Gallicia,  wherein  he  establishes  the  fact,  that  the  celebrated  mH 
deposit  of  Wieliczka  constitutes  a  portion  of  the  supracretacecMi 
series.  Dr.  Bou6  describes  this  deposit  as  2560  yards  long,  1066 
yards  broad,  and  281  yards  deep.  The  salt  is  termed  green  salt 
in  the  upper  part  of  the  mine,  where  it  occurs  in  no£iles  with 
gypsum  m  marl.  The  salt  sometimes  contains  lignite,  bituminoiB 
wood,  sand,  and  small  broken  shells.  In  the  lower  part  the  nari 
becomes  more  arenaceous,  and  there  are  even  beds  of  sandrtoao 
in  the  salt.     Beneath  this  is  a  gray  sandstone,  rather  coarse,  cod- 

*  Vanuxen  and  Morton,  Journal  of  the  Academy  of  Nat  Science! 
of  Philadelphia,  vol.  vL  \  ^ioiton*  Ibid. 
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tuning  lignite,  and  impressions  of  plants,  with  veins  and  beds  of 
•alt  In  the  lower  part  of  this  stratum  an  indurated  calcareous 
Bail  is  observed,  containing  sulphur,  salt,  and  gypsum.  Beneath 
lids  is  an  aluminous  and  mamo-argiilaceous  schist  From  the  fos- 
■band  various  other  circumstances,  Dr.  Bou6  concludes  tliat  this 
great  salt  deposit  forms  part  of  a  muriatiferous  and  supracretaceous 
dty,  sabordinate  to  sandstone  (molasse).  Most  frequently  the 
mulir  days  are  merely  muriatiferous ;  an  abundance  of  salt,  such 
.  Mat  Wieliczka,  Bochnia,  Parayd  in  Transylvania,  and  other  places, 
k  long  more  rare*. 

I  Foietmic  Action  daring  the  Supracretaeeons  Period, — We  have 
'.  ibeady  seen  that  there  was  much  difficult  in  stating  at  what 
'  Miiodfl  certain  products  of  extinct  volcanos  had  been  thrown  out 
uns  difficulty  is  by  no  means  lessened  as  we  descend  in  the  series; 
far  the  seat  of  volcanic  action  seems  to  have  continued  nearly,  or 
loy  nearly,  in  the  same  place  for  long  periods;  and  the  mere  cir- 
Mmatance  of  the  interstratification  of  volcanic  matter  with  aque- 
iDs  rocks,  whose  relative  age  may  to  a  certain  extent  be  known, 
will  not  always  give  that  of  the  igneous  rocks  so  circumstanced, 
beeanae  we  cannot  be  certain  that  they  have  not  been  injected 
numg  the  aqueous  deposits ;  and  when  this  may  have  happened 
it  would  be  difficult  to  say.  Thus  Etna  would  appear  to  have  been 
the  seat  of  volcanic  action  through  a  long  series  of  ages,  common- 
ang  with  the  supracretaceous  rocks,  on  which  much  of  the  igneous 
misi  is  now  based. 

In  Central  France,~amid  the  extinct  volcanos  which  there  con- 
•litate  inch  a  remarkable  feature  in  the  physical  geography  of  the 
country,  we  certainly  approach  relative  dates  in  some  instances. 
Unu  the  volcanic  mass  of  the  Plomb  du  Cantal  appears  to  have 
hmt  throngh,  to  have  upset,  and  to  have  fractured  the  fresh-water 
limestones  of  the  Cantal,  which,  according  to  Messrs.  Lyell  and 
Mnchison,  may  be  equivalent  to  the  fresh-water  deposits  of  the 
Fttia  basin,  and  to  those  of  Hampshire  and  the  Isle  of  Wight 
The  fd^owing  is  a  list  of  organic  remains  obtained  by  them  in  the 
ikesh-water  rocks  of  the  Cantal : — The  rib  of  an  animal  resembling 
iJMit  of  an  Anaplotherium  or  a  PaltBotherium  ;  scales  of  a  tortoise; 
fidi  teeth ;  Potamides  Lamarckn  ;  Limnaa  acuminata  ;  L,  coki- 
Meflorif  ;  L,  fusiformis  ;  L,  Umgitcata  ;  L,  injlata  ;  L,  cornea  ; 
L,  Pabulum  t  L,  strigota  ?  L,  paltutris  antiqua;  Bulimus  Terehra; 
B,pygwum?  B,  conicua;  Planorbis  rotundatua;  P,  Comu;  P.  ro- 
hmmts;  Ancylut  elegans.  Plants:  Chara  medicagintda,  the  seeds 
(gifroaonitee),  and  stems ;  carbonized  wood.  It  is  remarked,  that 
Mt  of  this  short  list  there  are  eight  or  nine  species  identical  with 
dioie  found  in  the  upper  fresh-water  rocks,  and  five  or  six  with 


•  Bou6,  Journal  de  G^ologie,  t  i.  IS^O. 
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those  in  the  lower  fresh-water  deposits  of  the  Paris  basin*.  Here 
we  seem  to  obtain  a  relative  date  for  the  upburst  of  the  igneoos 
products  of  the  Plomb  du  Cantal ;  one  posterior  to  the  depodtd 
the  fresh-water  rocks  of  Paris  and  the  Isle  of  Wight. 

With  regard  to  the  relative  date  of  the  igneous  rocks  of  An* 
vergne,  it  would  appear  from  the  labours  of  MM.  Croizet  aid 
Jobert,  that  the  Montague  de  Perrier,  N.W.  from  the  town  ol 
Issoire  (Puy  de  Dome),  is  divided  into  two  stages  or  terraces,  ^ 
first  about  twenty-five  yards  above  the  valley  of  the  AUier,  du 
second  occupying  a  height  of  about  200  yards.  The  mountaii 
may  be  considered  as  based  on  granite,  above  which  there  is  i 
considerable  thickness  of  fresh-water  limestone,  surmounted  bj 
numerous  beds  of  rolled  pebbles  and  sand,  of  which  one  in  parti* 
cular  is  remarkable  for  the  abundant  remains  of  mammalia  foufic 
in  it;  the  whole  crowned  by  a  mass  of  volcanic  matter. 

MM.  Croizet  and  Jobert  consider  that  in  this  locality  and  ii 
the  neighbouring  country  there  are  about  thirty  beds  sJ>ove  tin 
fresh- water  limestone,  which  may  be  divided  into  four  altematiou 
of  alluvial  detritus  and  basaltic  deposits.  Among  the  beds  then 
are  four  which  contain  organic  remains:  three  belonging  to  thi 
third  of  the  ancient  alluvions,  that  which  succeeded  the  second 
epoch  of  volcanic  eruptions ;  the  third  fossiliferous  deposit  being 
referable  to  the  last  epoch  of  ancient  alluvion.  The  whole  of  then 
beds  are  not  seen  in  the  Montague  de  Perrier,  but  are  determined 
from  the  general  structure  of  the  country. 

The  principal  ossiferous  bed  is  about  nine  or  ten  feet  thick, 
and  can  be  traced  a  considerable  distance  at  the  foot  of  the  Moih 
tagne  de  Perrier,  and  in  the  Valine  de  la  Couse  on  the  opposite 
side.  The  fossil  species,  according  to  MM.  Croizet  and  Jobert^ 
are  very  numerous,  consisting  of: — Elephant,  one  species;  Mastih 
don,  one  or  two ;  Hippopotamus,  one ;  Rhinoceros,  one ;  Tapir, 
one;  Horse,  one;  Boar,' one;  Felis,  four  or  five;  Hysena,  two; 
Bear,  three;  Canis,  one;  Castor,  one;  Otter,  one;  Hare,  one; 
Water-Rat,  one ;  Deer,  fifteen ;  and  Ox,  two.  The  animals  wen 
of  all  ages,  and  the  various  remains  mixed  pell-mell  with  eadi 
other.  The  bones  are  never  rolled,  though  often  broken,- and 
sometimes  gnawed.  Mingled  with  these  exuviae  are  the  abundant 
faecal  remains  of  the  Carnivora,  appearing  to  occupy  the  place 
where  they  have  been  dropped.  Hence  the  authors  conclude  that 
the  remains  have  not  been  far  removed  from  the  places  where  the 
animals  existed,  and  that  the  lignites  found  among  these  beds  are 
the  exuviae  of  the  vegetation  upon  which  many  of  them  subsisted. 

MM.  Croizet  and  Jobert  notice  the  following  remains  in  the 
fresh-water  sands,  clays,  and  limestone  of  the  country,  over  which. 

*  Lyell  and  Murchison,  Sur  les  D^pdts  Lacustres  Tertiaires  du  Can- 
tal,  &c.     Ann,  des  Sci.  Nat.  1829. 
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they  consider  that  the  first  hasaltic  currents  flowed : — Anoplothe- 
rmmt  two  species;  Lophiodon,  cue;  Anthracotherium,  one;  //tp- 
fopotamuSfOne;  a  Ruminant;  Cania, one \  Marten,  one;  LagomySf 
me;  a  Rat;  Tortoise,  one  or  two;  Crocodile,  one;  Serpent  or 
Lizard,  one ;  Birds,  three  or  four  (among  the  latter  remains  are 
their  eggs,  perfectly  preserved) ;  Cyprkfoba;  Helix;  Lymn<Ba; 
PlanoHfis;  Cyrena  ;  Gyrogonites,  and  other  vegetahle  exuviae.  It 
ihould  be  observed  that  M.  Bertrand-Roux  *  had  some  time  pre- 
vbusly  observed  the  remains  of  a  Palaotherium  in  a  similar  rock 
in  the  Puy  en  Velay,  and  that  the  fresh-water  rocks  at  Volvic 
contain  birds'  bones  f . 

M.  Bertrand  de  Dou6  describes  the  occurrence  of  bones  en- 
tembed  in  and  beneath  volcanic  matter  near  St  Privat-d'Allier 
(Velay).  After  stating  that  the  discovery  was  due  to  Dr.  Hibbert, 
who  communicated  it  to  him,  and  that  he  proceeded  to  the  spot 
pointed  out^  accompanied  by  M.  Deribier,  he  notices  the  following 
descending  section : — a,  third  and  ]ast  flow  of  basaltic  lava ;  h,  se- 
ond  flow,  four  yards  thick ;  c,  grayish  volcanic  cinders,  two  to 
finr  decimetres  thick;  </,  agglutinated  scoriae  and  tuff,  one  or 
more  yards  thick,  in  the  upper  part  of  which  the  bones  were  dis- 
«?ered;  «,  oldest  plateau  of  basaltic  lava;/,  gneiss.  The  osseous 
nmains  were  those  of  the  Rhinoceros  leptorhinusj  Hycena  spe- 
ha,  and  a  large  proportion  of  bones,  referable  to  at  least  four 
Qodetermined  species  of  Cervi, 

The  same  author  considers,  from  the  fractured  character  and 
inegolar  distribution  of  the  bones  over  a  horizontal  and  limited 
apace,  that  this  place  was  the  retreat  of  hyaenas,  affbrdine  them, 
mm  the  nature  of  the  country,  the  best  shelter  they  comd  find. 
Into  this  it  is  considered  they  dragged  their  prey,  as  appears  to 
hcTfi  been  done  in  the  case  of  Kirkdale.  It  is  observed  that  the 
Ittvarcurrent  which  passed  over  the  cinders  containing  these  rer 
mains  has  very  little  altered  the  bones. 

M.  Bertrand  de  Dou6  does  not  consider  the  detrital  deposits  of 
die  country  as  produced  by  transport  in  a  body  of  waters  from  a 
&tBnoe,  but  by  a  succession  of  local  causes,  the  substances  being 
an  derived  from  the  vicinity.  He  supposes  the  distribution  of  the 
lateral  vaUeys  connected  with  the  AUier  (among  which  is  that 
where  the  bones  were  discovered)  the  same  now  as  when  the 
Qei^bouring  volcanos  were  in  activity ;  and  remarks  on  the  "  in- 
oertitade  in  establishing  the  chronological  relations  between  ^e 
^poch  when  the  volcanos  of  the  Velay  became  extinct,  and  that 
k  which  these  animals  disappeared  from  our  climates  t*" 

*  Now  M.  Bertrand  de  Doue. 

t  Croizet  and  Jobert,  Rechercfaes  sur  leg  Oss.  Foss.  du  Dept  du  Puy 
^  Dome ;  and  Ann.  des  Sci.  Nat.  t.  xv.  1828. 
I  Bertrand  de  Dou6,  Edin.  Journal  of  Sd.  vol  ii.  new  series,  I83(k 
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M.  Robert,  describing  the  position  in  which  nnmarot 

have  been  discovered  at  Cussac  (Haute  Loire),  ment» 

marls,  without  fossils,  rest  on  the  granitic  rocks  of  the 

At  Solilhac  these  marls  are  surmounted  by  clayey  marls  a] 

or  three  feet  thick,  containing  plates  of  mica,  grains  ci 

volcanic  ashes,  basaltic  gravel,  and  impressions  of  gra 

plants ;  they  also  contain  the  entire  skeletons  of  imkao^ 

and  Aurochs,  with  other  bones.    Above  these  are  beds  of 

sand  two  or  three  yards  thick,  with  small  basaltic  and 

pebbles,  containing  the  remains  of  Ruminants  and  Pachyt 

the  bones  being  more  or  less  broken.     On  these  rest  all\ 

greater  solidity,  composed  of  the  same  volcanic  sand,  large 

and  basaltic  blocks  (of  which  the  angles  are  not  rounded] 

of  hydrate  of  iron,  and  bones,  which  appear  to  have  been 

to  the  air  before  they  were  enveloped.    All  these  substa 

cemented  by  oxide  of  iron,  and  beds  of  ferruginous  san 

alternate  with,  or  repose  on,  the  alluvions.    M.  Robert  € 

from  these  ferruginous  beds  at  Cussac  the  remains  of  the 

primigenhts  ;  the  Rhinoceros  leptorhintis  ;  the  Tapir  Arvt 

the  Horse,  two  species ;  Deer,  seven  species  (to  two  of  i 

assigns  the  names  of  Cervus  Solilhacus,  and  C.  Dama  Pol 

the  Bos  Urusy  and  Bos  Velaunus ;  and  the  Antelope.     1 

author  refers  the  entombment  of  these  remains  to  a  mori 

date  than  the  accumulation  of  bones  at  St.  Prevat  and 

considering  it  due  to  some  particular  cataclysm,  which  i 

the  animals :  thus  explaining  the  occurrence  of  entire  sk( 

young  and  old  individuals  found  mingled  at  Solilhac ;  i 

things  differing  from  the  accumulations  at  St.  Prevat  anc 

where  the  bones  seem  to  have  been  dragged  into  theii 

position  by  carnivorous  animals,  whose  bones  are  also  mi 

those  of  their  prey*. 

Dr.  Hibbert  considers  that  the  lowest  supracretaceoui 
the  Velay  were  deposited  in  fresh-water  lakes,  entombin 
mains  of  the  Palaotkerium  and  Anthracoifieriumy  of  t 
and  fresh-water  shells,  and  of  the  vegetation  which  then 
such  deposit  being  of  long  continuance,  as  shown  by  i 
which  amounts  to  450  feet.  This  deposit  ceased,  and 
became  covered  with  forests  and  animals ;  the  forests  b 
marshy  growth.  The  common  degradation  of  land  taki 
parts  of  this  vegetation  were  variously  entombed,  as  wen 
remains  of  animals  which  then  existed ;  such  as  various  \ 
Cerviy  some  of  large  size,  animals  of  the  Bos  kind,  the  R 
leptorhinuSy  and  the  HycBna  speltsa.  Volcanic  explosi 
took  place  through  various  vents,  ejecting  trachyte  an 
the  latter  predominating,  piercing  the  fresh-water  deposit 

*  Robert,  F^nissac's  Bulletin  de  Sci.  Nat  et  de  Geologic,  CK 
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^aeei^  And  covering  it  with  lavas  in  others.  Notwithstanding 
new  oonvulsions,  vegetation  still  flourished  in  certain  situations, 
nd  became  entombed  amid  volcanic  products,  as  is  seen  at  Collet, 
Bopsal,  and  other  places,  where  vegetable  matter  contained  in 
Uick  carboniferous  clays,  "  accompanied  with  ferruginous  sands, 
lltenute  with  rolled  masses  of  trachyte,  phonolite,  basalt,  or  vol- 
cude  cinders."  Diuing  the  progress  of  these  eruptions,  the  water- 
coimes  became  much,  deranged,  lava-currents  crossing  these 
channels,  damming  up  the  passage,  and  forming  lakes,  in  which 
fuious  singular  compounds  and  rock-mixtures  were  produced. 
It  would  appear  from  the  large  size  and  rounded  angles  of  many 
if  the  fragments  of  basalt,  that  great  currents  of  water  had  acted 
spon  them  in  certain  situations.  After  a  time  this  great  confusion 
Mms  to  have  ceased,  and  the  large  fragments  became  covered  by 
I  deposit  of  sand  and  clay,  formed  into  regular  strata,  as  may  be 
ebsnved  near  Cussac.  During  this  state  of  things  near  Cussac, 
■dmals  of  the  Bos  kind,  and  gigantic  stags,  became  entombed. 
After  this,  the  district  seems  to  have  become  the  haunt  of  hyaenas, 
vkich,  issuing  from  their  dens  in  search  of  food,  dragged  their  prey 
ato  their  retreats*,  in  the  manner  of  the  Kirkdale  hyaenas. 

In  these  various  localities  in  central  France,  the  evidence  seems 
Mnerally  in  favour  of  the  great  outburst  of  volcanos  after  the 
iepoat  of  very  extensive  fresh-water  rocks,  the  volcanic  action 
continuiug  more  or  less  from  that  period  up  to  a  comparatively 
leeent  date. 

Quitting  central  France  and  proceeding  either  in  the  direction 
of  Aix  or  Montpellier,  we  find  remains  of  volcanos,  which  probably 
vere  more  or  less  contemporaneous  with  those  of  Auvergne.  Beau- 
Hsu  near  Aix  has  been  known  since  the  time  of  De  Saussure. 

Spain,  Italy,  and  Germany,  present  us  with  various  igneous 
neks,  which  appear  referable  to  the  epoch  in  which  the  supra- 
cretaceous  rocks  were  in  the  course  of  formation.  As  yet,  the 
fokanic  rocks  of  Spain  are  little  known ;  but  those  of  Germany 
ind  Italy,  and  especially  those  of  the  latter,  have  long  engaged 
Ihe  attention  of  geologists. 

jDie  Euganean  Hills  south  of  Padua  present  a  mass  of  trachytic 
md  other  volcanic  products,  which  belong  to  the  supracretaceous 
ooeh ;  as  they  rest  in  certain  situations  on  scagUa,  the  equivalent 
«  chalk.  Dr.  Daubeny  mentions  that  the  trachyte  is  associated  with 
kiialt  at  Monte  Venda.  The  same  author  informs  us,  that  at  the 
UQ  of  Belmonte  in  the  Vicentine,  a  rivulet  section  exposes  five 
Uialtic  dykes,  which  from  their  mode  of  occurrence  might  be 
mistaken  for  an  interstratification  of  chalk  and  basalt.  "  Dykes 
tf  basalt  are  also  frequently  seen  traversing  this  formation  at 

*^  Hibbert,  On  the  Fossil  Remains  of  the  Velay;  Edin.  Journ.  of  Sci. 
Vol  m.  1830. 
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Chiampo,  Valdagno,  and  Magre,  but  without  ialtering  die  ad}t* 
cent  rock  *."  An  extensive  formation  of  porph3aitic  augite  xwk 
covers  the  whole  district,  resting  in  some  places  on  chalk,  in  o^iett 
on  older  rocks,  filling  up  the  pre-existing  inequalities  in  each;  tbe 
upper  part  is  amygdaloidal :  this  is  surmounted  by  various  alter* 
nations  of  calcareous  beds,  with  others  composed  of  fragmenti^ 
basalts,  volcanic  sand,  and  scoriform  lava ;  the  aggregate  or  mii^ 
ture  of  volcanic  substances  containing  fossU  remains,  as  well  as  the 
calcareous  deposits,  and  often  as  Ailly  charged  with  them  f .  The 
long  celebrated  fossil  fish  from  Monte  Bolca  are  derived  fi^m  the 
calcareous  beds  of  this  deposit.  At  Ronca  there  are  six  altemft* 
tions  of  volcanic  substances  with  the  calcareous  beds,  the  loweit 
volcanic  product  being  a  cellular  basalt. 

M.  Al.  Brongniart  presents  us  with  the  following  list  of  the 
shells  and  zoophytes  in  these  beds  of  the  Vicentine,  the  localttf .  . 
of  each  being  marked  (R.  for  Ronca ;  C.  G.  Castel-Gomberto;  « 
V.  S.  Val-Sangonini;  M.  M.  Monteccio-Maggiore ;) : — Nunrnit  t 
Utes  nummiformisy  Defr.,  R.;  Bulla  Fortisiif  Al.  Brong.,  R.;  Hdit 
damnataj  Al.  Brong.,  R.;  Turbo  Scobina,  Al.  Brong.,  C.  G.; 
T.  Asmodeiy  Al.  Brong.,  R. ;  Monodonta  Cerherif  Al.  Brong.,  V.S.; 
sTurritella  incisa,  Al.  Brong.,  R. ;  T.  aspemla,  Al.  Brong*,  B.;  ^ 
T,  Archimedis,  Al.  Brong.,  R. ;  T,  imbricataria,  Lam.,  R. ;  Troehm 
cumulansj  Al.  Brong.,  C.  G. ;  T.  Lucasianusy  Al.  Brong.,  C.  G.j 
Solarium  umbrosum,  Al.  Brong.,  R. ;  Ampullaria  VtUcani,  Al 
Brong.,  R. ;  A,  perusta,  Defr.,  R. ;  A,  obesa,  Al.  Brong.,  M.  M. 
and  C.  G.;  A,  depressa,  Lam.,  R.;  A,  spirata,  Lam.,  V.  S.; 
A.  cochlearia,  Al.  Brong.,  C.  G. ;  Melania  costellata,  Lam.,  (var. 
roncana,  Al.  Brong.,)  R.,  and  V.  S.;  M,  elongata,  Al.  Brong.,  C.  G.; 
M,  Stygiiy  Al.  Brong.,  R. ;  Nerita  conoidea,  Lam.,  R. ;  N,  Aekf 
rontis,  Al.  Brong.,  R. ;  N,  Caronis,  C.  G. ;  Natica  cepacea,  Lam., 
Val  de  Chiampo;  N,  epiglottinay  Lam.,  R.;  Conus  deperditutf 
Broc.  (var.  roncanus,  Al.  Brong.),  R.;  C.  cilsiosus,  Al.  Brong.^ 
R.;  CgprisaAmi/gdalum,  Broc, y  K.;  Cyp.inflatajJj&m.yR.;  if 
rebellum  obvolutum,  Al.  Brong.;  Voluta  auospinosa,  Al.  Broiig.f 
R.;  V,  crenulattty  Lam.,  V.  S.;  F,  affinis,  Broc,  R.;  Marginelk 
Pkaseolusy  Al.  Brong.,  R.;  M.ebumeOy  Lam.,  R.,  and  V.  S.;  Naua 
Caronisy  Al.  Brong.,  R.;  Cassis  striata,  Sow.,  R.;  C.  Thesei,  AL 
Brong.,  R.;  C.  ^nae,  Al.  Brong.,  R.;  Murex  angulosus,  BroCf 
various  parts  of  the  Vicentine ;  M,  tricarinatus,  Lam.,  Vicentioe; 
Terebra  Vulcaniy  AL  Brong.,  R. ;  Cerithium  stUcatumy  Lam.  (var. 
roncanum,  Al.  Brong.),  R. ;  C,  multisulcatumy  Al.  Brong.,  R.; 
C.  undosum,  Al.  Brong.,  R. ;  C.  combustuniy  Defr.,  R. ;  C  co/cfl- 
ratuniy  Al.  Brong.,  R. ;  C.  bicalcaratum,  Al.  Brong.,  R.  &c ; 
C.  Castelliniy  Al.  Brong.,  R. ;  C.  MarascJ^iniy  Al.  Brong.,  R. ;  C.  tvt' 
ritgatum,  Al.  Brong.,  R. ;  C.  saccaturriy  Defr.,  R. ;  C,  ampuUosum, 

*  Daubeny,  Description  of  Volcanos.  f  Ibid. 
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.  Brong.,  C«  6. ;  C,  plicatum,  Lam.,  R. ;  C.  lemniscatum,  AL 
mg.f  R.;  C.  StropuSj  Al.  Brong.,  C.  G. ;  JFV/«z<«  intortus,  Lam. 
ur,  roiMMiJitw,  Al.  Brong.),  R. ;  JP.  ATo^,  Lam.,  R. ;  F,  subcari- 
to,  Lam.  (var.),  R. ;  F,  polygontu,  Lam.,  R. ;  i^.  polygonatuSf 
,  Bronff.,  R. ;  Pkurotoma  clavicularis,  Lam.,  M.  M. ;  Pteroceras 
idiXf  Al.  Brong.,  C.  G. ;  Stromhus  Fortisii,  Al.  Brong.,  R. ;  Ros* 
kuia  corvina,  Ai.  Brong.,  R. ;  Ros.  Pes-carhoniSf  Al.  Brong., 
;  H^pponyx  Cornucopi€B,  Defr.,  R. ;  Chama  calcarata,  Lam., 
G.  ;  Spondylus  cisalpinuSf  Al.  Brong.,  C.  G.  ;  Ostreay  R.  ; 
cten  lepidolaris  ?  Lam.,  R.  ;  P,  plebeitis  ?  Lam.,  R. ;  Area 
indariBf  Al.  Brong.,  C*  G. ;  Mytilus  corrugatus,  Al.  Brong.,  R. ; 
.  edidis  ?  Linn.,  R. ;  M,  Antiquorum,  Sow.,  R. ;  Lucina  Scopulo* 
91,  Al.  Brong.,  R. ;  Z.  gibbosula,  Lam.,  R. ;  Cardita  Arduini, 
,  Brong.,  C.  G.  ;  Cardium  asperulum,  Lam.,  C.  G.  ;  Corbis 
iaurtB,  Al.  Brong.,  C.  G. ;  Cor,  lamellosa.  Lam.,  R. ;  Venus  ? 
oserpinaf  Al.  Brong.,  R. ;  V,t  MaurUj  Al.  Brong.,  R. ;  Vene* 
ardta  imbricata,  Lam.,  C.  G.  ;  Fen,  Laura,  Al.  Brong.,  C.  G.; 
wtra  l  erebeOf  AL'  Brong.,  R. ;  M,t  Sirena,  Al.  Brong.  R. ; 
pricardia  cyclopaa,  Al.  Brong.,  R. ;  Psammobia  pudica,  Al. 
ong.)  V.  S. ;  Cassidulus  testudinariics,  Al.  Brong.,  R. ;  NucIb" 
tes  Ovulumi  Lam.,  R. ;  Astrea  funesta,  Al.  Brong.,  R. ;  T«r- 
voUa  appendictdata,  Al.  Brong.,  R. ;  T,  sinuosa,  Al.  Brong., 
centine  ♦. 

It  has  been  concluded,  and  with  great  probability,  that  these 
eks  were  produced  by  the  alternate  eruptions  of  volcanos  in  the 
sinity,  and  the  deposit  of  calcareous  matter  in  shallow  seas. 
.  Brongniart  mentions  that  parasitical  shells  and  certain  corals 
e  seen  adhering  to  fragments  of  igneous  rocks,  which  shows  that 
ese  rocks  have  had  abundant  time  to  cool  and  form  the  bottom 
the  sea  previous  to  the  deposits  above  them.  And  as  in  some 
aces  igneous  products  and  calcareous  deposits  often  alternate, 
a  may  infer  that  a  long  period  elapsed  during  the  formation  of 
le  whole. 

On  the  north  and  south  of  Rome  there  is  abundant  proof  of  ex- 
act volcanic  action.  At  Viterbo  basaltic  rocks  rest  on  a  com- 
Nmd  of  pumice  and  volcanic  tuff,  in  which  the  bones  of  mam- 
alia  have  been  discovered ;  reminding  us  of  Auvergne.  Rome 
lelf  is  founded  on  rocks  of  volcanic  origin,  mixed  with  others 
hich  are  aqueous,  and  mostly  of  contemporaneous  formation, 
roceeding  hence  to  Sicily,  we  find  it  very  difficult  to  conceive 
ben  the  volcanic  action  commenced  which  now  finds  a  vent  at 
toa ;  as  volcanic  products  are  found  mixed  with  supracretaceoufl 
dc.  Dr.  Daubeny  observes,  that  the  supracretaceous  blue  marl 
bich  occupies  a  considerable  portion  of  Sicily,  contains  sulphur, 
irioat  sulphuric  salts,  and  muriate  of  soda;  all  substances  sub^ 

*  Brongniart,  Terrains  Calcar^p-Trappeens  du  Vicentin,  1823. 
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limed  from  modern  volcanos,  and  which  may  have  been  poducei 
by  exhalations  from  beneath. 

Among  the  variety  of  volcanic  products  in  the  vicinity  of  tiw 
Rhine  and  neighbouring  parts  of  Germany,  are  many  which  smb 
clearly  to  belong  to  the  supracretaceous  epoch.  Among  these  miy 
be  mentioned  the  Siebengebirge,  the  Westerwald,  the  Hahiehttr 
wald  near  Cassel,  and  the  Meisner  near  Eschwese.  The  Siebei* 
gebirge  are  composed  of  trachyte,  basalt,  and  volcanic  conglomA- 
rates,  traversed  by  dykes.  The  Westerwald  is  composed  of  fit 
like  substances.  Basaltic  knolls  are  scattered  over  the  coantn 
between  the  Westerwald  and  the  Vogelsgebirge.  The  KaiserstnU 
and  the  igneous  rocks  on  the  north  of  the  lake  of  Constance  wonU 
appear  to  be  examples  of  volcanic  rocks  which  may  have  beci 
ejected  at  the  supracretaceous  epoch. 

According  to  M.  Beudant  there  are  five  principal  YiAeuk  *:; 
groups  in  Hunguy,  referable  to  the  age  with  which  we  are  not 
occupied: — 1.  That  in  the  district  of  Schemnitz  and  Kremiiil& 
2.  That  constituting  Dregeley  mountains,  near  Gran  on  the  Dtr 
nube.  3.  That  of  me  Matra,  in  the  centre  of  Hungary.  4.  lb 
chain  commencingat  Tokai,  and  extending  north  about  twen^ 
five  leagues.  5.  That  of  Vihorlet,  connected  with  the  volciw 
moimtains  of  Marmorosch  (borders  of  Transylvania).  The  whob 
composed  of  different  varieties  of  trachytic  rocks. 

According  to  Dr.  Bou6,  volcanic  rocks  of  undoubted  supraoe-  f^ 
taceous  origin  occur  in  Transylvania.  They  constitute  a  range  d 
hills  separating  Transylvania  from  Szeckler  land,  and  extendmg 
from  the  hill  of  Kelemany,  north  of  Remebyel,  to  the  hill  Bodor 
begy,  on  the  north  of  Vascharhely.  They  are  principally  com* 
posed  of  varieties  of  trachyte,  and  trachytic  conglomerate*. 

From  the  observations  of  Von  Buch  and  Dr.  Daubeny,  it  ap* 
pears  that  Gleichenburg,  not  far  from  Gratz,  Styria,  is  composed 
of  trachyte,  round  which  are  mantle-shaped  strata  of  volcanic  pn>' 
ducts  and  supracretaceous  beds,  alternating  with  each  other. 

If  we  turn  from  these  igneous  products  on  the  continent  of 
Europe  to  our  own  islands,  we  find  that  great  igneous  eruptioni 
have  taken  place  in  the  north-eastern  parts  of  Ireland,  after  the 
deposit  of  the  chalk,  and  consequently  in  the  supracretaceous  pe- 
riod. The  basaltic  ranges  of  the  celebrated  Giant's  Causewaj* 
Fairhead,  &c.  belong  to  this  eruption,  which  in  its  upburst  has 
torn  and  rent  all  which  it  encountered,  entangling  enonnoai 
masses  of  chalk,  as  may  be  seen  at  Kenbaan.  We  find  the  ma* 
of  this  erupted  igneous  rock  to  be  basaltic, — sometimes  columnar,  at 
others  not ;  the  two  varieties  being  so  arranged  on  the  coast  betweea 
Dunseverie  Castle  and  the  Giant's  Causeway,  that  they  have  die 
appearance  of  being  interstratified.    At  Murloch  Bay,  Fairhead, 


*  Daubeny's  Volcanos. 
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■d  Cross  Hill,  the  basalt  rests  on  coal  measures ;  at  Knocklead 
nd  other  places,  on  chalk  *.  As  an  intermixture  with  supracreta- 
wnirockB  has  not  vet  been  obserred,  the  relative  date  of  this  erup- 
ioD  cannot  be  well  determined.  Both  the  basaltic  mass  and  the 
vdn  on  which  it  rests  have  been  traversed,  at  a  period  posterior  to 
ht  first  orerflow  of  the  former,  by  dykes  of  igneous  matter ;  one 
i  these  has  produced  a  singular  change  p.     „(> 

1  die  chalk,  which  it  cuts,  together  with  ^^^'  •^**' 

isperincambent  basalt,  in  the   Isle  of  5 
IsghHn,   as  will  be  best  explained  by 
ks  annexed  section,    a  a  Oy  trap  dykes 
Bstting  through  chalk  b  b,  which  it  has 
converted  into  gpranular  limestone  c  c  c  c,       c    a  cac  a  e 

It  now  only  remains  to  consider  those  recent  observations  on  the 
Ups^  Pyrenees,  and  the  vicinity  of  Maestricht,  which  seem  to  point 
list  least  a  zoological  passage  of  this  group  into  the  next;  appeal^ 
h^  to  show,  that  from  the  progress  of  science,  the  clear  line  of  se^ 
■Bition  once  supposed  to  exist  between  the  secondary  and  tertiary 
■uses,  as  they  are  termed,  cannot  be  drawn,  but  that  the  zoological 
eknicter  of  Uie  upper  part  of  the  one  and  the  lower  portion  of  the 
Mher  would  approach  each  other,  as  indeed  might  be  expected;  for 
■e  cannot  conceive  a  natural  destruction  of  Hfe  so  general  as  to 
srose  the  complete  annihilation  of  animals,  particularly  those  which 
■e  marine,  existing  at  any  given  time,  so  that  a  totally  new  cre- 
ilion  should  be  necessary.  Such  a  supposition  would  not  appear 
to  accord  with  what  is  observable  in  other  rocks,  as  will  be  noticed 
a  the  sequel.  It  is  not  contended  that  there  may  not  be  great  spe- 
afic  distinctions  in  the  remains  entombed  in  this  and  the  next 
>RKip  in  many  parts  of  Europe,  but  merely  that  it  does  not  neces- 
■nly  follow, — ^because  Europe  may  present  us  with  two  classes  of 
veks,  one  of  which  may  be  named  tertiary  and  the  othei*  secon- 
Isiy,  from  the  general  nature  of  their  organic  contents, — that  in 
nany  parts  of  the  world  the  whole  may  not  constitute  a  series  in 
rfaich  lines  of  distinction  cannot  be  drawn.  Suppose  some  vio- 
mt  cause  should  produce  a  great  debacle  which  should  rush 
mt  Europe,  the  land  and  fresh-water  animals  and  plants  would 
vobably  be  destroyed ;  and  we  will  pven  consider,  for  the  sake  of 
he  argument,  that  the  marine  inhabitants  of  our  seas  perished 
Iso,— does  it  necessarily  follow  that  the  marine,  ft^h-water,  and 
errestrial  inhabitants  would  also  be  annihilated  in  Australia? 
Should  we  not  rather  consider  that  these  would  be  entombed,  if 
ocks  were  there  forming,  as  well  after  and  during  the  destruc- 
ion  of  European  life,  as  previous  to  it  ?  and  that  the  rocks  formed 
B  those  regions,  about  tnis  supposed  period,  would  by  no  means 

*  Buckltnd  and  Conybeare,  Geol.  Trans,  vol.  iii ;  and  Sections  and 
Hews  illustrative  of  Geological  Phaenomena,  pL  19. 
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show  any  alteration  in  their  zoological  character  ?  That  veiy  gteil. 
changes  have  taken  place  in  the  organic  character  of  deposits,  in 
the  same  districts,  and  that  somewhat  suddenly,  does  not  admii 
of  a  douht;  hut  it  is  a  suhject  on  which  we  are,  as  yet,  far  from  see- 
ing our  way  clearly.  There  is  always  great  difficulty  in  compie- 
hending  why  the  marine  remains  should  he  so  suddenly  changed 
in  certain  deposits,  which  do  not  exhihit  marks  of  being  the  re- 
sults of  violent  commotion ;  for  although  we  can  understand  why  h 
terrestrial  and  fresh-water  animals  should  he  destroyed  by  an  iih  P 
road  of  the  sea,  produced  by  a  sudden  elevation  of  a  mountain  f 
chain  sufficiently  near,  or  any  other  cause,  it  is  difficult  to  cooh 
prebend  why,  from  that  cause  alone,  the  general  character  of  the  ^ 
marine  animals  should  be  changed. 

From  an  examination  of  portions  of  the  Austrian  and  Bavarian 
Alps,  in  1829,  Professor  Sedgwick  and  Mr.  Miurchison  condudd! 
that  they  had  discovered  a  series  of  beds  intermediate  between  tbs 
.chalk  and  commonly  known  supracretaceous  rocks,  affording  m 
it  were  a  passage  of  the,  so  called,  tertiaiy  class  into  the  secom 
dary  ;  yet  as  they  were  above  the  true  chsuk,  being  considered  » 
tertiary.  The  correctness  of  this  determination  is  questionedi 
more  particularly  by  Dr.  Bou6,  who  contends  that  the  disputed  ' 
rocks  belong  to  the  cretaceous  series.  According  to  the  formtf  r 
authors,  the  valley  of  Gosau,  in  the  Salzburg  AJps,  presents  t 
good  example  of  the  correctness  of  their  views.  This  valley  ii 
described  as  about  2600  feet  above  the  level  of  the  sea,  exhibitiog 
these  newer  strata  brought  suddenly  into  contact  with  more  an- 
cient rocks  on  one  side.  The  following  is  stated  to  be  a  section 
of  them,  in  the  descending  order.  "  1.  Red  and  green  slaty  mi-  f 
caceous  sandstone,  several  hundred  feet  thick  (cap  of  the  Horn). 

2.  Green  micaceous  gritty  sandstone,  extensively  quarried  ai 
whetstone,  succeeded  by  yellowish  sandy  marls  (Ressenbeig). 

3.  A  vast  shelly  series  consisting  of  blue  marls  alternating  witii 
strong  beds  of  compact  limestone  and  calcareous  grit,  the  upper 
beds  of  which  are  marked  by  obscure  traces  of  vegetables,  and  Y 
the  middle  and  inferior  strata  by  a  prodigious  quantity  of  weD  [ 
preserved  organic  remains*.  The  fossils  found  in  the  lowest 
strata  at  Gosau  bear  the  impress,  according  to  these  authors,  of 
the  cretaceous  period ;  while  those  of  the  overlying  blue  marls  ap- 
proach so  nearly  to  many  species  of  the  lower  supracretaceous  or 
tertiary  formations,  that  they  refer  the  whole  deposit  to  an  age 
intermediate  between  the  chalk  and  those  formations  hitherto  con- 
sidered as  tertiary  f . 

•  Proceedings  of  the  Geol.  See,  Nov.  1829. 

f  The  various  labours  of  Prof.  Sedgwick  and  Mr.  Murchison  on  (be 
Alps  will  be  found  in  the  second  part  of  vol.  iii.  of  the  Geo].  Transac- 
tions, 2nd  series,  where  there  are  also  figures  of  the  fossils  discovered  by 
them  at  Gosau. 
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Dr.  Boul  is  by  no  means  willing  to  admit  this  deposit  of  Gosau 
IS  a  tertiary  or  supracretaceous  rock,  but  as  constituting  a  part  of 
the  cretaceous  series  which  extends  along  the  Alps,  as  will  be  seen 
in  the  next  section,  from  Austria  into  Savoy*. 

It  may  here  be  remarked  that  M.  Brongniart  long  since  (1823) 
MDfiidei^  that  certain  rocks  constituting  the  upper  part  of  the 
Diablerets  (Valais),  were  referable  to  the  supracretaceous  or  ter- 
iary  series.  From  the  section  of  this  mountain,  made  by  M.  £lie 
le  Beaumont,  and  produced  by  M.  Brongniart,  it  appears  that  the 
trata  are  singularly  contorted ;  so  that  Uie  newer  beds  have  been 
iristed  between  the  older  strata  in  such  a  manner  that  the  latter 
lot  only  occur  beneath  the  former,  but  also  above  themf.  The 
leds  considered  supracretaceous  are  described  as  composed  of 
■Icareous  sandstone,  anthracite,  and  a  black,  compact,  and  car- 
RMiaceous  limestone,  containing  Nummulites  ;  AmpuUaria  (two 
pedes) ;  Melania  costellatOf  Lam. ;  Cerithium  Diaholi,  Al.  Brong. 
very  abundant);  Turhinella?  Hemicardium ;  Cardium  cUiare, 
iroc.;  CaryophyUia ;  Madrepora. 

The  nummuhtes  found  so  abundantly  in  the  Alps  by  no  means 
nark  a  distinct  geological  epoch,  as  they  would  appear  to  do  in 
Northern  France  and  in  England ;  for  instead  of  being  confined 
0  ihe  supracretaceous  group,  they  pervade  the  cretaceous,  and 
fOBsibly  also  some  older  rocks. 

.  The  observations  of  Dr.  Fitton  on  the  Maestricht  beds  would 
npear  to  throw  light  on  these  Alpine  deposits,  as  far  at  least  as 
E^  zoological  character  is  concerned ;  it  being  understood  that 
he  celebrated  deposit  of  the  Mont  St.  Pierre  contains  a  mixture,  to 
i  certain  extent,  of  the,  so  called,  secondary  and  tertiary  remains ; 
ibat  "  it  is  throughout  superior  to  the  white  chalk,  into  which  it 
passes  gradually  below,  but  the  top  bears  marks  of  devastation, 
Bod  there  is  no  passage  from  it  to  the  sands  above.  The  siliceous 
ittasses  which  it  includes  are  much  more  rare  than  those  of  the 
dudk,  of  greater  bulk,  and  not  composed  of  black  flint,  but  of  a 
■tone  approaching  to  chert,  and  in  some  cases  to  chalcedony ;  and 
of  about  fifty  species  in  the  author's  (Dr.  Fitton 's)  collection,  about 
fiirty  are  not  found  in  Mr.  Mantell's  catalogue  of  the  chalk  fossils 
of  Sussex  J." 

According  to  M.  Dufr^noy,  a  similar  mixture  of  the  organic 
remains,  usually  considered  as  characterizing  the  cretaceous  and 
iipracretaceous  rocks  respectively,  is  discovered  in  the  chalk  series 

*  Bou6,  various  memoirs,  Edinburgh  Phil.  Journal,  1831 ;  Journal  de 
C^logie,  1830  ;  and  Proceedings  of  the  Geol.  See.  of  London,  1830. 

t  Brongniart,  Sur  les  Terrains  Calcar^o-Trapp^ens  du  Vicentin,  p.  47; 
^d  Sections  and  Views  illustrative  of  Geological  Phsenomena,  pi.  38, 

.5. 

X  Fitton,  Proceedings  of  the  Geol.  Soc.  1830. 
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of  the  Pyrenees*  This  author  observes,  that  out  of  numerous 
i^ecies  obtained  from  this  deposit,  many  are  such  as  are  commonl; 
refeired.to  the  supraoretaceous  epoch.  These  latter,  though  moi 
abundant  in  the  upper  part  of  the  Fyrenean  chalk,  are  nevei 
theless  scattered  through  its  whole  height*. 

From  these  data,  it  would  appear  wki  at  Maestricht,  in  ihe  Y} 
renees,  and  in  the  Alps,  there  do  exist  deposits  containing  orgaai 
remains  common  to  uie  supposed  great  classes  of  secondary  an 
tertiary  rocks ;  therefore  it  seems  established  that  no  line  cai 
zocdogically,  be  drawn  between  them«  How  &r  other  charaetxa 
may  distinguish  them,  remains  to  be  seen ;  and  probably  minal 
researches  in  the  Alps  will  eventually  afford  the  necessary  info 
mation.  Such  researches  are  no  doubt  difficult  in  these  mmn 
tains,  requiringtime,  much  patience,  and£ivourable  circumstance 
particularly  as  to  weather :  but  while  they  are  difficult,  they  « 
delig^htful ; — for  who  can  roam  unmoved  among  those  regions  wlM 
the  Dest  sections  are  exposed  ?  Whole  mountains  are  so  tossed  tff 
and  contorted,  that  the  geological  student  must  be  excee£iig 
cautious  how  he  generalizes  among  the  Alps,  which  require  i 
common  care  in  their  examination ;  but  at  uie  same  time  he  h 
the  satisfaction  of  knowing  that  every  section,  made  with  prop 
4»iution,  accompanied  by  lists  of  organic  remains,  extracted  ftfl 
the  various  rocKs  with  his  own  hands  (not  obtained  from  deakft 
and  examined  by  competent  persons,  possesses  the  greatest  Tflid 

*  Dufr^noy,  Annales  des  Mines,  1831. 
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Section  V. 

CRETACEOUS  GROUP. 

Inr. — Chalk,  (Craie,  Fr., — Kreide,  Germ., — Scaglia^  It,).  Chalk  Marl, 
(Crta  Tt^au,  Fr.).  Upper  Green* Sand,  {Glauconie  Crayeuse,  Fr., — 
Chkritische  Kreide,  Planerkalkf  Germ.).  Gault.  Lower  Green  Sand, 
(Glmusmie  Sableuse,  Al.  Brong., — Griiner  Sandstein,  Bou6. — ^Part  of 
the  German  Quadersandstein,) 

Tee  upper  portion  of  the  cretaceous  group  partakes  of  a  com- 
paa  character  throughout  a  large  portion  of  Western  Europe,  ge- 
.JKrally  presenting  itself  under  the  well-known  form  of  chalk.  Tne 
.ttper  part  of  the  chalk  throughout  a  large  portion  of  England  is 
Ancterized  by  the  presence  of  numerous  flints,  more  or  less  ar- 
imged  in  parallel  lines  :  seams  of  this  substance  not  only  occur 
k  a  line  with  the  flints,  but  also  traverse  the  beds  diagonally. 
/W  white  chalk,  when  freed  from  the  flints  or  siliceous  grains 
^lized  with  it,  is  found  to  be  a  nearly  pure  carbonate  of  lime. 
According  to  M.  Berthier,  the  chalk  of  Meudon,  when  the  sand 
liiBeminated  in  it  was  separated  by  washing,  contained  in  100 
fata,  carbonate  of  lime  98,  magnesia  and  a  little  iron  1,  alumine  1. 
h  the  lower  parts  of  the  English  chalk  deposit,  the  flints  dis- 
))pear,  becoming  gradually  more  rare  in  the  passage  from  the 
ipper  to  the  lower  parts.   From  this  circumstance,  the  white  chalk 
•as  not  unfrequently  been  divided  into  upper,  or  chalk  with  flints, 
Qd  lower,  or  chalk  without  flints.    This  supposed  characteristic 
I  not  however  available  to  any  great  distances ;  for  at  Havre  the 
>wer  chalk  contains  an  abundance  of  flint  and  chert  nodules, 
^here  it  passes  into  the  upper  ^en  sand.     There  is,  however, 
long  the  line  of  coast  from  Cap  la  H^ve  to  the  eastward,  a  con- 
iderable  accumulation  of  chalk,  in  which  flints  are  rare,  appa- 
Jntly  interposed  between  the  Havre  beds  and  the  chalk  with  nu- 
lerous  flints.     In  the  clifls  of  liyme  Regis  (Dorset^,  and  Beer 
Devon),  we  observe  how  little  dependence  can  be  placed  on  mi- 
ute  divisions  of  rocks,  even  within  the  distance  of  a  few  miles ; 
Mr  considerable  difierences  in  the  development  of  the  cretaceous 
iries  will  be  observed  between  the  two  places,  as  I  had  formerly 
ocasion  to  remark*.     There  are,  however,  a  few  beds  which 
re  remarkably  persistent  throughout  the  district,  extending  to 
i^eymouth ;  they  are  characterized  by  the  presence  of  small  and 
T^;ularly  rounded  grains  of  quartz,  probably  of  mechanical  ori- 
in,  occasionally  disseminated  through  the  mass  in  great  abun- 
fuckce.  These  beds  are  also  remarkable  for  a  great  variety  of  organic 

*  Geol  Trang,  2nd  series,  vol.  11. 
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remains.  Notwithstanding  the  very  general  presence  ^\jA, 
beds,  they  sometimes  become  almost  suddenly  replaced  by  ^^ 
wherein  the  grains  of  quartz  are  not  seen.  Thus  at  Beer,  ^^^^ 
stone,  worked  during  centuries  for  architectural  purposes,  ^v 
the  equivalent  of  them,  though  composed  of  a  wmte  rock,  P^^ 
pally  carbonate  of  lime,  with  some  argillaceous  and  siliceous  ^^f^ 
ter.  Probably  the  Beer  stone  may  be  the  equivalent  of  the  M^ 
rock  of  Hants  and  Surrey  described  by  Mr.  Murchison,  anu  ti 
Merstham  firestone  noticed  by  Mr.  Webster,  and  considered  i^ 
the  upper  green  sand.  It  may  be  here  observed  that  the  lo*^ 
part  of  the  chalk,  or  its  passage  into  the  green  sand  beneath,  istf 
tensively  used  as  a  building  stone  in  Normandy,  and  that  Boan 
the  inferior  chalk  beds  of  that  country  are  considerably  indoriM 
even  approaching  a  whitish  compact  limestone,  as  may  be  vd 
seen  on  the  high  road,  bordering  the  Seine,  between  Havre  fll 
Rouen.  The  lower  portion  of  the  cretaceous  group  has,  in  El 
gland  more  particularly,  received  various  names,  thouffh  the  m 
is  very  commonly  known  as  green  sand.  These  subdivisions,  i 
the  accurate  determination  of  which,  and  their  separation  ftti 
the  Wealden  rocks,  we  are  indebted  to  Dr.  Fitton  *,  should  1 
borne  in  mind,  more  particularly  in  the  study  of  English  geokjr 
as  by  tracing  them  as  far  as  possible,  we  may  obtain  an  ins$ 
into  the  causes  which  have  produced  them.  These  divisions  si 
Upper  Green  Sand,  Gault,  and  Lower  Green  Sand ;  and  can  1 
best  studied  in  the  south-eastern  parts  of  England  f. 

The  upper  green  sand  generally  appears  to  graduate  into  i 
cretaceous  mass  above,  being  charged  with  a  large  quantitjf 
green  grains,  which,  according  to  me  analysis  of  M.  BertA 
made  on  those  of  the  equivalent  deposit  at  Havre,  contain : — Sili 
0*50,  protoxide  of  iron  0*21,  alumine  0'07,  potash  0*10,  water  0*1 
The  same  author  found  that  the  green  or  reddish  nodules  disi 
minated  through  the  same  rock,  also  at  Havre,  contained : — Fht 
phate  of  lime  0*57,  carbonate  of  lime  0*07,  carbonate  of  magna 
0*02,  silicate  of  iron  and  alumine  0*25,  water  and  bituminous  nM 
ter  0*07.  The  reader  will  at  once  observe  the  different  coiroo 
tion  of  the  nodules  and  grains.  Respecting  the  former,  M.  i 
Brongniart  observes,  that  the  phosphate  of  lime  sometimes 
abounds  as  nearly  to  constitute  the  whole  substance  X- 

The  gault  (or  gait)  is  an  argillaceous  deposit  of  a  blueish  gr 

*  Fitton,  On  the  Beds  between  the  Chalk  and  Purbeck  LimettM 
Annals  of  Philosophy,  1824 ; — a  memoir  in  which  the  general  relatioM 
all  these  beds  was  first  pointed  out. 

f  The  student  should  consult  Dr.  Fitton's   Memoir  (aboTe  dted 

Mr.  Murchison's  Memoir  on  North-western  Sussex,  GeoL  Trans,  i 

series,  vol.  ii. ;  Mr.  Mantell's  Geology  of  Sussex ;  and  Mr.  Martiii  • 

West  Sussex. 

t  Cuvier  and  Brongniart,  Desc  0^o\. dA& l^iiN.d^ Paris,  1822,  p.  13 
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lently  composed  of  clay  in  the  upper,  and  marls  in  the 
sontaining  disseminated  specks  or  mica ;  it  efiervesces 
h  acids. 

'  green  sand  is  formed  of  sands  and  sandstones  of  va- 
!S  of  induration,  but  principally  of  ferruginous  and 
8.  the  former  usually  constituting  the  upper  part  and 
Mt  prevalent  in  the  lower  portions,  whicn  are  not  un- 
rgillo>arenaceous,  particularly  at  bottom, 
ntering  further  into  the  smaller  divisions  of  the  creta- 
it  may  be  remarked  that  the  whole,  taken  as  a  mass, 
land,  and  over  a  considerable  portion  of  France  and 
e  considered  as  cretaceous  in  its  upper  part,  and  are- 
.  argillaceous  in  its  lower  part.  The  divisions  esta- 
iith-eastem  England  have  been  observed  by  Mr.  Lons- 
shire;  and  M.  Dumont  considers  that  the  inferior 
le  cretaceous  group,  which  occurs  between  the  Meuse 
r,  and  is  rather  thick  near  Aix  la  Chapelle,  may  be 
.  into  Upper  Green  Sand,  Gault,  and  Lower  Green 
northern  England  the  arenaceous  deposit  is  scarcely 
the  white  chalk  resting  on  red  chalk,  the  latter  based 
aceous  rock,  named  Speeton  clay  by  Mr.  Phillips, 
stem  England  the  chalk  rests  on  a  great  arenaceous 
iwhat  variable  in  its  composition,  sometimes  contain- 
gular  seams  of  chert,  at  others  being  nearly  without 
ower  portion  being  very  generally  an  argillo-arena- 
t,  characterized  by  the  presence  of  a  great  abundance 
licles,  and  a  great  variety  of  organic  remains.  The 
is  formed  of  yellowish-brown  and  loosely  aggregated 
ich  organic  remains  are  rare ;  the  superior,  of  a  mix- 
mish-yellow  and  green  sands,  with  and  without  chert 
•rganic  remains  being  frequently  fractured, 
mdy  the  sands  beneath  the  chsdk  assume  a  great  va- 
*acters.  Advancing  into  the  interior  of  France,  amid 
\nch  emerge  from  under  the  chalk,  and  extend  from 
:  Normandy  by  Mortagne  to  the  banks  of  the  Loire  at 
thence  by  the  vicinities  of  Auxerre  and  Troyes  to  the 
we  soon  become  sensible  of  the  utility  of  abandoning 
divisions,  so  valuable  in  England,  and  of  adopting  two 
tns, — Chalk,  and  Green  Sand. 

ip  is  extensively  distributed  over  Europe.  The  chalk 
,  or  green  sand  of  northern  Ireland,  may  be  considered 
western  portion  yet  known.  Of  the  interior  of  Spain 
d  so  little  is  yet  geologically  explored,  that  we  are  not 
J  existence  of  chalk  there;  except,  indeed,  the  nummu- 
ae,  observed  by  Colonel  Silvertop  in  the  provinces  of 
Murcia,  should  be  of  this  age. 

*  Omalius  d'Halloy,  Elements  de  Otologic. 
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According  to  M.  Nilsson,  the  chalk  of  Sweden  (the  oontmi 
of  that  in  Denmark)  is  generally  incumbent  on  gneiss,  more 
on  rocks  of  the  grauwacke  group,  and  has  only  been 
resting  on  beds  of  the  oolitic  group,  at  one  place  near  LimhaC3 
in  Scania.  In  one  locality,  near  Hammer  and  Kaseberga,  it  '3 
a  large  capping  of  sand  with  bituminous  wood,  which  M.  Nilsa0 
refers  to  the  cretaceous  group,  as  the  vegetable  remains  are  tmt^ 
dated  with  cretaceous  fossils.  The  chalk  deposit  of  Swedeis 
occasionally  of  considerable  thickness,  and  abounds  in  oreaW 
remains,  ke  northern  portion  of  the  deposit  is  white  or  gSyid 
white,  more  or  less  abundantly  mixed  with  siliceous  substanoM 
The  southern  portion  is  stated  to  present  the  various  modificatiiaf 
from  green  sand  to  white  chalk*. 

According  to  Professor  Pusch  the  cretaceous  group  occurs  oH 
tensively  in  Podolia  and  southern  Russia,  being  a  continiuUioi 
of  that  of  Lemberg  and  Poland.  It  occupies  the  country  in  As 
shape  of  marly  chalk  between  the  Bog  and  the  Dniester  rooM 
Janow,  Lubin,  Mikolajew,  Uniow,  and  Rohetyn.  Concealed  bft* 
neath  the  supracretaceous  rocks  it  is  prolonged  from  Halks  M 
Zalezczyki  on  the  Dniester.  On  the  west  of  this  river  it  occujpM 
the  environs  of  Tlumacz,  Otynia,  and  other  places  to  the  footdl 
the  Carpathians.  On  the  north  of  the  Dniester  it  exists  beneilli 
the  supracretaceous  rocks  between  that  river  and  Brzezan ;  it  et< 
tends  to  Brody  and  into  the  plains  of  Volhynia.  "  In  many  placm 
and  especially  around  Krzeminiec,  it  is  covered  by  more  reoMl 
deposits,  but  its  presence  is  indicated  by  an  abundance  of  flinll 
and  chalk  fossils  scattered  through  the  sands."  The  chalk  fionBl 
considerable  eminences  round  Grodno  in  Lithuania.  Accordnf 
to  M.  £ichwald,  the  chalk  of  the  latter  country  aboimds  in  hekth 
nites,  which  are  wanting  in  Volhynia,  where  tiiey  are  replaced  if 
Echimtes,  TerehratuliSy  Ostrea,  Placuna,  Inoceramus  {CatUk^ 
&c.  The  flints  of  the  two  countries  contain  ReteportPf  Esektr^ 
Ananchytea,  Encrinites,  &c.  f . 

According  to  M.  £ichwald,  chalk  without  flints,  with  shells  of 
the  genera  Plagiostoma,  Pecten,  Ostrea,  &c.,  re^ts  on  argillaceotf 
slate  at  Ladowa,  on  the  Dniester.  At  about  seven  wersts  finf 
thence,  near  Bronnitza,  it  alternately  rests  on  a  coarse  sandstotfl 
grauwacke,  and  argillaceous  slate  X,  Further  south,  and  in  A* 
plains  of  Moldavia,  Podolia,  and  Bessarabia,  it  only  appeanii 
detached  portions,  as  between  Jaroszow  and  MohUew  on  Ai 
Dniester,  from  Raszkow  to  Jaorlik  on  the  Pruth,  near  KdooM' 
Sniatyn,  Sadagora,  Seret,  Roswan,  lUina,  and  Jassy.  '^  The  eht 
is  found  on  the  south  side  of  the  granitic  steppe,  in  the  Crimea,  tf' 

*  Nilsson,  Petrificata  Saecana  Formationis  Cretacea&'  detciipcs>  ^ 
iconibus  illustrata :  1827. 
/  Journal  de  G6ok>gie,  t.  ii.  p.  62.  X  IHd.  p.  61. 
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^'iden  of  the  sea  of  Azof,  between  the  Berds  and  the  Don ; 
^seim  on  the  west  of  the  Don,  across  the  south-east  and 
of  Russia.  In  the  country  of  the  Don  Cossacks,  in  the 
ifi&ts  of  Worenech,  Koursk,  and  Toula,  it  here  and  there 
in  hills  and  on  the  banks  of  the  rivers  beneath  the  ve- 
soil,  and  probably  constitutes  the  base  of  that  great  and 
ain.  The  marly  clay  of  eastern  Gallicia  and  of  Podolia 
:ted,  as  in  Poland,  with  gypsum,  at  Mikulnice,  Seret  of 
to  the  east  of  Trembowla,  but  more  particularly  at  Zbrycz 
mokozienice.  The  graphic  chalk  is  there  more  abundfant 
he  centre  of  Poland,  and  more  abounds  in  flints*." 
her  appears  from  the  interesting  details  of  M.  Pusch, 
3  is  a  deposit  of  lignite  upon  the  upper  part  of  the  chdk, 
g  us  of  the  lignite  sand  noticed  by  M.  Nilsson  in  Sweden, 
uld  thus  appear  to  be  similarly  situated  at  various  distant 
It  seems  to  be  wanting  in  central  Poland,  but  is  found 
situations  in  eastern  GaUicia,  and  abundantly  along  the 
ins,  in  Pocutia  and  Bukowine,  from  Otynia  towards 
Lanczyn,  Kniazdwor,  and  mounting  the  Pruth,  from 

0  Seret,  and  near  Czorthow  and  Ulaszkowce,  and  on 
}ter  near  Chochim  and  Mohilew.  This  lignite  deposit 
ed  as  a  blueish  or  greenish  gray  calcareous  sandstone, 
ig  with  sand  and  clay^  more  or  less  calcareous,  and  with 

1  marl:  it  sometimes  contains  amber,  but  more  fre* 
ieces  of  bituminous  wood,  thin  beds  of  lignite,  and  trunks 
trees.  It  contains  many  shells,  among  which  are,  Pec^ 
ptUvmattUf  P.  insubricus,  Pecten  (smooth  species),  and 
ely  Nummulites  discorbinuSf  DentaUum  ehumiumj  and 
itkia.  This  sandstone  is  considered  distinguishable  from 
known  lignite  deposits  of  western  and  northern  Poland 
sil  shells;  but  it  may  perhaps  admit  of  a  question,  how 

circumstances  may  not  have  caused  a  great  difference 
aspect 

i\isch  describes  the  cretaceous  rocks  as  extensively  depo* 
'eland,  and  as  divisible  into  marly  chalk  and  white  chalk : 
y  chalk  is  a  soft  calcareous  marl,  either  white  or  light 
comine^  sandy  in  some  districts  (Miechow,  Kazimirz); 
ler  beos  are  coloured  ^een  by  silicate  of  iron  (Czarkow, 
kow) ;  it  alternates  with  more  compact  white  limestone, 
nmk  through  this  deposit  at  SzczerbakoW  showed  Uiat  it 

English  feet  thick  at  that  place.  M.  Pusch  considers 
ain  gypseous  deposits  of  Poland  are  connected  with  the 
talk.  The  white  chalk  is  described  as  identical  with  that 
nd,  containing  a  much  larger  proportion  of  flints  than  the 
*lkt, 

h,  Journal  de  Geologic,  t  ii.  \  Ibid*  '^.  ^^%. 
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Rocks  of  the  cretaceous  group  occur  in  various  parts 
many,  in  the  district  of  the  Hartz,  and  near  Quedlenburg 
bom,  Dortmund,  Munster,  and  various  other  places. 

■It  has  already  been  noticed  in  France;  but  it  may  be  n 
that  it  rests  on  the  coal  measures  of  Mons  and  Valencien 
that  the  rocks  of  the  Isle  d'Aix,  and  the  embouchure  of  t 
rente,  are  considered  referable  to  this  group.  It  is  well 
as  contained  in  some  of  the  valleys  of  the  .lura,  and  as 
along  a  considerable  portion  of  the  French  side  of  the  F 
It  occurs  on  both  sides  of  the  Alps,  and  ranges  down  a  la 
tion  of  the  Apennines. 

It  occurs  extensively  in  the  maritime  Alps,  containing 
its  fossils  an  abundance  of  Nummulites,  remains  once  co 
as  wholly  supracretaceous.  Its  usual  appearance  in  thai 
is  that  of  a  marno-arenaceous  limestone,  the  arenaceous 
sometimes  predominating,  and  forming  a  sandstone, 
light-coloured  limestone  charged  with  green  grains,  anc 
Belemnitesy  Ammonites,  Nautili,  and  Pectines,  constitute  : 
part,  and  even  appear  intimately  connected  with  the  up 
of  a  light-coloured  limestone  deposit,  among  which  cr 
dolomite  abounds.  The  latter  rocks  are  very  difficult  to 
and  may  either  belong  to  the  lower  part  of  the  cretaceous 
per  part  of  the  oolitic,  group.  Be  the  age  of  these  beds 
may,  they  seem,  according  to  M.  Elie  de  Beaumont,  in 
connected  with  a  large  proportion  of  the  Alpine  nummulit 
the  light-coloured  limestones  of  Provence,  of  Mont  Ven 
the  departments  of  the  Drome,  Is^re,  &c,;  the  nummulii 
being  connected  with  the  cretaceous  series  of  Brian9onnet 
Alpes),  of  Villard  le  Lans  (Isere),  of  the  mountains  of  the 
Chartreuse,  of  the  Mont  du  Chat,  of  the  high  longitudina 
of  the  Jura,  of  the  Perte  du  Rhone,  of  Thonne,  and  of 
tagne  des  Fis. 

Having  premised  thus  much  respecting  the  geograpl 
tribution  of  the  cretaceous  group,  we  will  take  a  slight  s 
the  variations  in  its  mineralogical  character.  Througl 
British  Islands,  a  large  part  of  France,  many  parts  of  G 
in  Poland,  Sweden,  and  in  various  parts  of  Russia,  thei 
appear  to  have  been  certain  causes  in  operation,  at  a  givei 
which  produced  nearly,  or  very  nearly,  the  same  effect 
variation  in  the  lower  portion  of  the  deposit  seems  mere!} 
sist  in  the  absence  or  presence  of  a  greater  or  less  abun( 
clays  or  sands,  substances  which  we  may  consider  as  prod 
the  destruction  of  previously  existing  land,  and  as  deposil 
waters  which  held  such  detritus  in  mechanical  suspensio: 
unequal  deposit  of  the  two  kinds  of  matter  in  different  si 
would  be  in  accordance  with  such  a  supposition.  But  ^ 
turn  to  the  higher  part  of  tlie  gcou^,  into  which  the  lowei 
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m,  the  theory  of  mere  transport  appears  opposed  to  the 
ena  ohserved,  which  seem  rather  to  nave  heen  produced  hy 
m  from  a  chemical  solution  of  carbonate  of  lime  and  silez, 

a  considerable  area  *.  For  the  reader  will  have  observed, 
te  chalk,  very  frequently  containing  flints,  extends  from 
by  Poland,  Sweden,  Denmark,  Germany,  and  the  British 

into  France.  The  great  European  sheet  of  chalk  and 
.nd,  produced  at  the  cretaceous  epoch,  has  since  been  so 
up,  snattered,  upheaved  and  destroyed  by  various  causes, 
have  mere  remnants  presented  to  our  examination.  Still, 
,  we  have  enough  to  show  that  it  overlapped  a  great  va- 

pre-existing  rocks  from  the  gneiss  of  Sweden  to  the 
I  deposits  of  south-eastern  England  inclusive, 
far  no  very  material  difference  in  the  arrangement  and 
tgical  character  of  the  mass  has  been  observed,  of  course 
ling  small  local  variations :  but  arrived  at  the  Alps  we 
;h  rocks,  which  certainly,  from  their  mineralogical  cha- 
done,  would  never  have  been  referred  to  the  cretaceous 
7et,  unless  we  disregard  the  evidence  of  organic  remains, 
'e  been  formed  at  the  same  epoch.  Instead  of  the  soft 
te  chalk,  and  the  abundance  of  loosely  aggregated  sands, 
institute  so  large  a  proportion  of  the  group  in  England  and 

France,  we  have  compact  limestones  and  sandstones  vy- 
irdness  with  the  oldest  rocks,  so  as,  in  the  earlier  days  of 

to  have  been  considered  only  referable  to  them.    Such  is 

black  limestone,  (containing  an  abundance  of  Scaphites, 
,  Turrilites,  and  other  fossils,)  which  crowns  the  summits 
is,  the  Sales,  and  other  mountains  of  Savoy,  that  range 
;  Buet. 

)cks  referable  to  this  group,  on  the  southern  side  of  the 
id  facing  the  great  Lombardo-Venetian  plains,  are  not 
moved  from  the  mineralogical  character  of  the  chalk  of 
Europe,  being  often  composed  of  white,  greenish,  and 
leds,  occasionally  very  argillaceous.  In  some  parts  of  the 
e  range,  in  which  a  large  mass  of  rocks  would  seem  re^ 
0  this  epoch,  the  character  is  quite  cretaceous. 
a  the  Alpine  rocks  of  this  age  have  been  altered  since  their 

i  regard  present  appearances,  we  find  that  silex  is  held  in  solu- 
lermal  waters,  which  also,  as  in  the  case  of  those  of  St.  Mi- 
the  Azores,  may  contain  carbonate  of  lime.  No  springs  or  set 
that  we  can  imagine  are  likely  to  have  produced  this  great 
'  chalk,  so  uniform  over  a  large  surfkce.  But  although  springs, 
leptation  of  the  term,  could  scarcely  have  caused  the  effects  re- 
e  may,  perhaps,  look  to  a  greater  exertion  of  the  power  which 
uces  thermal  waters  for  a  possible  explanation  of  the  observed 
na. 

N 
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depomt,  consequent  on  the  disturbances  they  have  ezpeiiaiced,  ir 
how  &r  their  present  condition  can  be  attributed  to  original  fir* 
mation,  which  must  always  have  been  influenced  by  loc»l  caaM^ 
yet  remains  a  problem  to  be  solved :  but  it  may  be  remarkieddHi 
we  can  scarcely  imagine  them  to  have  been  exposed  to  the  warn 
circumstances  attending  great  disturbances,  without  having  wA 
fered  from  such  circmstances. 

According  to  M.  Dufr^noy,  the  cretaceous  series  of  southn 
France  not  only  contains  a  curious  mixture  of  organic  remiia^ 
but  also  presents  mineralogical  characters  different  from  those  d 
the  contemporaneous  deposit  of  the  northern  part  of  the  noM 
country.  That  portion  which  reposes  on  the  central  elevatiM 
of  France,  is  composed,  in  its  lowest  parts,  of  marls  and  snip 
stones,  more  or  less  charged  with  oxide  of  iron,  and  containiu 
lignite  in  some  situations.  M.  Dufr«6noy  refers  these  beds,  iqei 
as  they  are  seen  at  Rochefort,  AngoulSme,  Sarlat,  Pont  St  E^ii^ 
and  other  places,  to  the  inferior  arenaceous  rocks  of  the  cretaoeoa 
series.  At  AngoulSme,  and  some  other  localities,  these  depoah 
are  surmounted  by  regular  beds  of  a  nearly  saccharine  limestoner' 
a  fact  which  shows  mat  a  slow  chemical  deposit  here  took  plieej 
so  that  if  we  consider  the  white  chalk  of  northern  Europe  as  cif 
mically  formed,  it  would  appear  that  there  was  a  slower  deporil 
in  some  localities  than  at  oUiers.  The  same  author  also  stetoi 
respecting  that  portion  which  either  constitutes  a  part  of  t!x 
Pyrenees,  or  is  continuous  with  it,  that  although  the  limestoM 
which  rest  on  the  arenaceous  deposits  (containing  lignites  an^ 
vegetable  impressions)  are  commonly  compact,  there  are  sow 
which  are  crystalline.  It  should,  however,  be  observed,  that  then 
are  evidences  of  mechanical  action  in  the  upper  portion  ci  thi 
I^enean  chalk,  for  it  is  stated  that  thick  beds  of  calcareous  con 
glomerates  alternate  with  the  limestones  in  the  upper  part  of  ^ 
series*. 

M.  £lie  de  Beaumont  endeavours  to  show  that  violent  disnf 
tions  of  strata  in  different  situations  have  preceded  the  deposit  oi 
the  cretaceous  group;  and  he  infers  this  from  the  tranquil  positiof 
of  deposits  of  this  nature  on  the  upheaved  beds  of  more  andesl 
rocks.  Thus  the  chalk  and  quadersandstein  (green  sand)  of  tb( 
environs  of  Dresden,  Pima,  and  Konigstein,  extend  in  horizonti] 
beds  over  the  inclined  strata  of  the  Er^ebirge,  which,  from  At 
parallelism  of  the  chains,  M.  Elie  de  Beaumont  considers  wov 
thrown  up  at  the  same  time  that  the  Cdte  d'Or  hills  were  elevate^ 
thus  obtaining  the  date  of  the  disturbance  between  the  deposit  of 
the  oolitic  group  and  that  of  the  cretaceous  series.  The  Moot 
Pilas  is  also  considered  as  elevated  at  the  same  epoch.   From  thus 

*  Dufr^noy,  Annales  des  Mines,  1831. 
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18  of  strata,  M.  £lle  de  Beaumont  infers  that  bodies  of 
re  thrown  into  motion,  carrying  detritus  with  them,  and 
retaceous  rocks  resulted  from  this  deposit.  Supposing 
y  probable,  we  might  ask  how  far  it  would  assist  us  in 
3;  the  chemical  character  of  the  white  chalk  and  flints; 
ber  the  circumstances  accompanying  considerable  dift- 
of  strata  may  not  have  permitted  me  sea  to  become 
nth  carbonate  of  lime  and  silex,  which  were  deposited 
quillity  was  restored;  sands  and  clays  being  first  thrown 
n  the  liquid  which  held  them,  at  least  partly,  in  mechar 
tension.  The  student  will  be  careful  to  consider  this  as 
ggestion, — one,  perhaps,  somewhat  at  variance  with  the 
smains  found  in  the  cretaceous  group, 
rtsch  describes  a  series  of  calcareous  and  arenaceous 
taining  nummulites  in  Dalmatia  and  the  neighbouring 
,  which  appears  to  belong  to  the  cretaceous  group. 
:ks  form  high  mountains,  particularly  in  Croatia.  From 
ion  of  the  mountain  chains,  M.  £lie  de  Beaumont  infers 
i  rocks  may  extend  into  Livadia  and  the  Morea.  Facts 
determine  how  far  this  inference  is  correct;  but  in  the 
e  it  may  be  remarked  that  rocks  of  the  Dalmatian  cha- 
m  to  prevail  extensively  in  parts  of  Greece,  and  even 
coast  of  Karamania. 

he  various  memoirs  of  MM.  Keferstein  and  Bou6,  Prof. 
,  Mr.  Murchison,  and  M.  Lill  von  lillienbach,  it  seems 
;  the  cretaceous  group  exists  extensively  in  the  Alps  of 
ind  Bavaria,  and  in  the  Carpathians.  There  may  be 
fferences  of  opinion  as  to  where  the  series  commences, 
it  ends,  but  the  main  fact  of  the  presence  of  the  group 
Id  appear  to  be  undisputed :  it  would  also  appear  that 
it  was  in  a  great  measure  arenaceous, 
emarking  on  the  stability  of  the  cretaceous  rocki^  of  the 
ms  since  their  deposit,  contrasted  with  their  dislocation  in 
chain  of  the  Alps,  (a  fact  subsequently  fully  confirmed 
certain  distance  from  Vienna  by  Mr.  Murchison,)  M.  £lie 
lont  proceeds  to  observe  that  *' nearly  in  the  prolongation 
rpatluans,  to  the  environs  of  Dresden,  the  right  and  northr- 
)f  the  Elbe  valley  is  bordered  by  a  continuation  of  grar 
denite  mountains,  which  extend  from  Hinterherms,  on 
er  of  Bohemia,  to  Weinbohla,  about  a  league  and  a  half 
Meissen,  rising  suddenly  above  the  plain  of  quadersand- 
planerkalk  (cretaceous  rocks).  When  the  contact  of  the 
md  cretaceous  rocks  is  examined,  it  is  observed  that  the 
it,  and  even  horizontally  cover,  the  latter  in  many  places; 
roving  that  the  granitic  and  sienitic  rocks  were  elevated 
rface  since  the  deposit  of  the  green  sand  and  chalk :  and 
the  less  remarkable,  that  the  little  chain  ioxnu^  f&i(^ciKGDL 
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runs  in  tbe  direction  of  the  valley  of  the  Elbe,  and  exact; 
to  that  which  reigns  in  the  Pyreneo-Apennine  system* 
The  most  remarkable  point  is  at  the  quarry  of  1^ 
where,  according  to  M.  Weiss,  the  chalk  there  worked 
the  Plagiostoma  spinosumj  PodopsiSf  Spatanffus,  &c.  Tl 
in  horizontal  beds ;  but  near  the  sienite  they  gradual!}! 
they  plunge  beneath  it,  so  that  the  sienite  conformably  < 
chsJk.  A  marly  and  clay  bed,  partly  bituminous,  covers 
occurring  between  it  and  the  granitic  rock.  M.  Klipsteii 
ing  on  these  appearances,  observes,  that  mounting  the 
Polenz,  from  tne  foot  of  the  Hockstein,  the  ^een  san( 
the  right,  which  are  generally  horizontal,  begin  gradua 
the  angle  increasing  with  their  approach  to  the  granite, 
latter,  dipping  at  46°  or  48°  beneath  it ;  and  he  states  tl 
fact  there  can  be  no  doubt.  ''Coming  from  Brand,  the 
the  green  sand  diminishes  in  such  a  manner  in  the  desc 
valley,  that  a  few  feet  of  it  are  alone  visible.  In  a  valle 
ing  into  the  mountains  towards  the  Rothenwald,  the  c 
its  marls  and  clays  appears  between  the  green  sand  and 
and  there  are  places  where  galleries  have  been  driver 
the  granite  and  chalk  into  the  green  sand."  From  th( 
it  would  appear  that  **  the  chalk  with  its  clays  and  marls 
diminishes,  so  that  the  granite  at  first  resting  on  cha 
into  contact  with  green  sand.  The  superposition  of  th 
is  quite  evident  at  some  distance  from  this  point,  when 
there  is  a  change,  and  the  granite  cuts  the  arenaceous  fa 
out  at  all  deranging  or  altering  them  :  it  is  even  stated, 
neath  it  commences  taking  a  position  under  the  green 
Prof.  Naumann  remarks  that  the  fact  of  the  increased  c 
cretaceous  rocks  as  they  approach  the  granite,  so  that  th 
are  covered  by  it,  is  also  seen  near  Oberau ;  and  that  neai 
and  Niederfehre,  the  cretaceous  rocks  rest  horizontally  o; 
nite.  The  same  author  remarks  that  the  connection  ol 
rocks  is  sufficiently  evident  at  both  these  localities,  for 
stone  and  granite  are,  as  it  were,  entangled  in  each  c 
irregular  portions  and  veins  of  hard  limestone  with  gre 
and  cretaceous  fossils  are  here  and  there  imbedded  in  th 
The  gorge  of  Niederwarta,  on  the  left  bank  of  the  Elbe, 
out  as  a  very  interesting  point.  "  The  chalk  is  horizoni 
village,  but  about  the  third  of  a  league  beyond  it,  the 
and  dip  at  about  25°  or  30°;  a  hundred  paces  further  oi 

*  M.  Elie  de  Beaumont  cites  these  curious  appearances  of 
position  of  granitic  rock,  as  obtained  from  the  descriptions  of  F 
inserted  in  Karsten*s  Archiv  fiir  Mineralogie,  &c.  t  xvi.,  and  i 
ti. 

/  Journal  de  G^logie,  t.  i\.  p.  182. 
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<ii  from  70®  to  80®,  and  the  rocks,  fractured  near  the  granite,  rise 
in  steep  mountains  above  the  chaik  country."  At  Lichtenhain 
4Md  Ottendorf  the  limits  of  the  sandstone  and  granite  are  exposed, 
-«Bd  at  twenty  paces  from  the  granite  the  sandstone  is  seen  to  be 
^KMUontal;  but  on  approaching  the  granite  the  beds,  or  fragments 
nf  beds,  rise,  and  some  dip  at  an  angle  of  60°*. 

Before  we  terminate  this  sketch,  we  should  notice  certain  beds 
Aond  in  the  Cotentin  (Normandy),  which,  if  they  do  not  show  a 
passage  of  the  chalk  into  the  supracretaceous  rocks,  exhibit  an  in-* 
teestmg  juxtaposition  of  strata,  containing  chalk  fossils,  and  those 
"With  organic  remains  of  the  caJcaire  grossier,  the  former  contain- 
iog  many  fossils  found  also  at  Maestricht.    The  baculite  lime- 
jalones,  as  they  are  termed,  of  the  Cotentin  had  often  been  vi- 
iKted,  and  more  or  less  noticed;  but  their  real  position  in  the  series 
ym  not  pointed  out  before  they  were  described  by  M.  Desnoyers 
in  1825.    The  baculite  limestone  is  white  or  yellow,  and  for  the 
Bost  part  compact,  varymg,  however,  in  its  mineralogical  cha- 
neter,  being  sometimes  cretaceous  and  even  arenaceous.    It  con- 
tains the  organic  remains  of  the  cretaceous  group,  several  being 
idio  found  at  Maestricht ;   such  as  Bacculites  vertehralis,  The- 
Sdea  rcuUans,  T,  recurvirostraj  Terehratula  four  or  five  particular 
species  not  named,  &c.    These  beds  are  surmounted  by  others, 
(the  whole  collectively  being  of  no  considerable  thickness,)  com- 
posed principally  of  calcareous  matter,  not  presenting  any  very 
coDiiderable  difference  in  appearance,  though  they  do  not  pre- 
daely  resemble  those  beneath.     They  contain  organic  remains, 
inch  as  are  found  in  the  calcaire  grossier;   and  M.  Desnoyers 
considers  that  a  well  defined  zoological  line  can  be  drawn  between 
^  two  deposits ;  observing,  however,  that  at  the  contact  of  the 
lower  portion  of  the  one  with  the  upper  part  of  the  other,  when 
^  rocks  were  without  much  coherence,  mere  was  sometimes  an 
ipparent  mixture  of  the  fossils.     <*But  at  the  same  time,"  ob- 
lerves  M.  Desnoyers,  "  it  has  appeared  to  me,  that  independent 
of  this  confusion,  which  may  be  accidental,  the  species  of  the 
compact  chalk,  Trochus  and  Bacculites,  preserving  their  habitual 
mode  of  petrifaction,  might  have  belonged  to  a  previously  formed 
W,  and  thus  differed  from  those  in  the  calcaire  grossier,  Cf ri- 
^fit  Comucopi€B,  Hipponyx,  Clypeaster  politus,  &c.  filled  with 
^tUoUtes,  and  with  the  pisolitic  limestone  which  surrounds  them. 
Small  sandstone  and  quartz  pebbles,  common  in  the  secondary 
'ocks  of  the  Cotentin,  accompany  them  at  Orglandes ;  the  only 
place  where  I  observed  this  mixture  apparent f."    The  geological 
'todent  can  observe  the  baculite  limestone  at  Friville,  Cauquigny, 

*  Naumaun,  Poggendorf' s  Annalen ;  and  Journ.  de  Glologie,  t.iii.  1831. 
t  Desnoyers,   Sur  la  Craie  et  les  Terrains  Tertiaires  du  Cotentin; 
^^m.  de  la  Soc  d*Hist  Nat.  de  Paris,  t  ii. 


270  Organic  EenuUm  of  the  Cretaceout  Group. 

Bonneville,  Orglandes,  Hauteville,  and  other  places  in  die 
tentin. 

M.  Desnoyers  remarks  on  the  absence  of  TurriUtet, 
Columba,  G,  striata,  Ostrea  carinata,  O,  pectmaiaf  Pecten 
stUy  Chenendopora,  HaUirhoa,  Fentrieulitet,  Spongut,  &e,,  amid 
mass  of  fossils  (enumerated  in  ihe  general  list  beneath)  foond 
ihe  chalk, and  green  sand. 

Organic  Remains  of  the  Cretaceous  Group. 

PLANTiB. 

Conferv€B. 

1.  Confervites  fasciculata,  Ad,  Brong,  Amager,  Bomholm, 

Brong.  Chalk,  Sussex,  Mant, 

2.  '  '     aegagropiloides,  Ad.  Brong.    Amager,  Bomholm, 

Ad.  Brong, 
y  species  not  determined.  Chalk,  Sussex,  Mant. 

Alga. 

1.  Fucoides  Orbignianus,  Ad,  Brong,  Isle  d'Aix,  Rochelle,  A^^ 

Brong, 
2. strictus,  Ad,  Brong,  Isle  d'Aix,  Rochelle,  Ad.  Brony. 

3.  ■  tuberculosus.  Ad,  Brong,    Isle  d'Aix,  Rochelle,  A^-^ 

Brong. 

4.  — —  difformis,  Ad,  Brong,  Bidache,  Bayonne,  Ad,  Brong, 

5.  intricatus,  Ad.  Brong,    Bidache,  Ad.  Brong. 

6.  Lyngbianus,  Ad,  Brong.    Arnager,  Bon&olm,  Ad^ 

Brong, 

7.  Brongniarti,  Mant,    Chalk,  Sussex,  Mant, 

8.  Targioni,  Ad,  Brong,    Chalk,  Sussex,  Mant. 

9.  canaliculatus.  Ad,  Brong,,  £nv.  of  Bayonne;  Bidache; 

Green  Sand,  Rochefort,  Dufr. 
,  species  not  determined.  Chalk,  Gaidt,  Sussex,  Mant, 

Naiades. 

1.  Zosterites  caulinisefolia.  Ad.  Brong.   Isle  d'Aix,  Ad,  Brong, 

2. lineata,  Ad,  Brong,    Isle  d'Aix,  Ad,  Brong, 

3.  ' Bellovisana,  Ad,  Brong,    Isle  d'Aix,  Ad,  Brong, 

4. elongata.  Ad,  Brong.    Isle  d'Aix,  Ad.  Brong, 

Cgcadea, 
J.  Cycadites  Nilssonii,  Ad.  Brong.,  Chalk,  Scania. 

Dicotyledonous  wood,  perforated  by  some  boring  shell ;  CSialk, 
Sussex,  Mant, ;  Green  Sand,  Lyme  Regis,  De  la  B, 

Cones  of  Coniferae,  Green  Sand,  Lyme  Regis,  Dela  B.  Green 
Sand?  Kopinge,  Scania,  Nils, 

Ferns  1  Green  Sand,  Lyme  Regis,  De  la  B. 
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ZOOPHYTA. 

1.  Achinemn  glomeratum,  Goldf,  Maestricht,  Goldf. 

2.  _..«  fongifonney  Gold/,  Maestricht,  Goldf. 

^ Morchella,  Goldf.  Cretaceous  Rocks,  EssenjWest- 

phaHa,  Sack, 
1.  Manon  capitatom,  Goldf,  Maestricht,  Goldf, 

2. tubuUferum,  Goldf,  Maestricht,  Goldf, 

3. pulvinarium,  Goiaf,  Maestricht,  Essen,  Westphalia, 

Goldf, 
4. Peziza,  Goldf,  Maestricht;  Cretaceous  Rocks,  Essen, 

Westphalia,  Goldf 
5. ktellatum,  Goldf  Cretaceous  Rocks,  Essen,  Gold^. 

1.  Scyphia  mammillaris,  Goldf,  Essen,  Westphalia,  Goldf, 

2.  .  furcata,  Goldf,  Cretaceous  Rocks,  Essen,  Goldf, 
Z, infundibuliformis,  Goldf,  Essen,  Goldf 

4. >  foraminosa,  Goldf,  Cretaceous  Rocks,  Essen,  Goldf, 

5.  — r^—  Sackii,  Goldf,  Essen,  Westphalia,  Sack, 

6. tetragona,  Goldf,  Essen,  Goldf, 

7.  -^ infundibtdifonnis,  Goldf,  Essen,  Gcldf, 

1.  Spongia  ramosa,  Mant,  Chalk,  Sussex,  Idant,;  Chalk?  York- 
shire, Phil, ;  Noirmoutier,  Al,  Brong, 
2. lobata,  Flem,  Chalk,  Sussex,  Mant, 

3.  ■  plana,  Phil,  Chalk,  Yorkshire,  PJul. 

4. capitata,  PhiL   Chalk,  Yorkshire,  Phil, 

5. osculifera,  PhU,  Chalk,  Yorkshire,  PhU. 

6. convoluta,  Phil,  Chalk,  Yorkshire,  Phil, 

7,  __  marginata,  PhU,  Chalk,  Yorkshire,  Phil, 

8. radiciformis,  Phil,  Chalk,  Yorkshire,  Phil, 

9.  terebrata,  Phil,  Chalk,  Yorkshire,  Phil. 

0 lavis,  Phil,  Chalk,  Yorkshire,  PhU, 

U  porosa,  Phil,  Chalk,  Yorkshire,  PhU. 

2.  —  cribrosa,  Phil,  Chalk,  Yorkshire,  PhU, 

^*   Spongus  Townsendi,  Mant,  Chalk,  Sussex,  Mant, 

^»  •  labjnrinthicus,  Mant,  Chalk,  Sussex,  Mant. 

•  •    Tragos  Hippocastanum,  Goldf.  Maestricht,  Goldf. 

deforme,  Goldf,  Cretaceous  Rocks,  Essen,  Goldf, 

rugosum,  Goldf.  Cretaceous  Rocks,  Essen,  Westpha- 

fia.  Sack, 
■  pisifonne,  Goldf.  Cretaceous  Rocks,  Essen,  Westoha- 
lia,  Goldf 

stellatum,  Goldf,  Cretaceous  Rocks,  Essen,  Goldf, 

Alcyonium  globulosum,  Defr,    Chalk,  Beauvais;  Meudon; 
Amiens ;  Tours ;  Gien ;  Baculite  Limest.,  Nor- 
mandy, Desn, 
-^— «  ?  pyriformis,  Mant,  Chalk,  Sussex,  Mant, 

,  species  not  determined.    Chalk,  Sussex,  Mant, ; 
Upper  Green  Sand,  Warminster,  Lon^. 
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• 

1.  Choanites  subrotundus,  ^an<.  Chalk,  Sussex,  MatU, 

2. Kbnigi,  Mant,  Chalk,  Sussex ;  Warminster,  il 

3. flexuosus,  Mant.  Chalk,  Sussex,  Mant, 

1.  Ventriculites  radiatus,  Mant,  Chalk,  Sussex,  Mant,;  C 

Moen,  Al,  Brong, 

2. alcyonoides,  Mant,  Chalk,  Sussex ;  Warmi 

Mant, 

3, Benettiae,  Mant,  Chalk,  Sussex,  Mant, ;  ( 

Yorkshire,  PhU, 
1.  Siphonia  Websteri,  Mant,  Chalk,  Sussex,  Mant. 

2, cervicornis,    Goldf,      Chalk,   Haldem,   Westp 

Gold/, 
1,  Hallirhoa  costata,  Lam*,-  Green  Sand,  Normandy,  De  I 

Upper  Green  Sand,  Warminster,  Zona, 
1.  Serea  pyriformis,  Lam.  Green  Sand,  Normandy,  Al,  1 
1.  Gorgonia  baciUaris,  Goldf,   Maestricht,  Goldf, 
1.  Nullipora  racemosa,  Goldf,  Maestricht,  Goldf 
1.  Millepora  Fittoni,  Mant,  Chalk,  Sussex,  Mant. 

2, Gilbert!,  Mant,  Chalk,  Sussex,  Mant, 

3. antiqua?  Defr,  Baculite  Limest.,  Normandy, 

4.  macureporacea,  Goldf  Maestricht,  Goldf 

5. compressa,  Goldf  Maestricht,  Goldf, 

species  not  determined.  Chalk,  Meudon,  Al.  1 

1.  Eschara  cyclostoma,  Goldf.  Maestricht,  Goldf. 

2. piriformis,  Goldf  Maestricht,  Goldf 

3. stigmatophora,  Goldf,   Maestricht,  Goldf, 

4, sexangularis,  Goldf   Maestricht,  Goldf, 

5, cancellata,  Goldf   Maestricht,  Goldf 

6. arachnoidea,  Goldf,   Maestricht,  Goldf, 

7, dichotoma,  Goldf  Maestricht,  Goldf 

8. striata,  Goldf.  Maestricht,  Goldf 

9. filograna,  Goldf   Maestricht,  Goldf, 

10. disticha,  Goldf.  Meudon,  Goldf 

1.  Cellepora  ornata,  Goldf  Maestricht,  Goldf 

2, Hippocrepis,  Goldf   Maestricht,  Goldf 

3. Velamen,  Goldf   Maestricht,  Goldf, 

4. dentata,  Goldf.  Maestricht,  Goldf 

5. crustulenta,  Goldf   Maestricht,  Goldf 

6. bipunctata,  Goldf  Maestricht,  Goldf 

7, escharoides,  Goldf  Cretaceous  Rocks,  Essen,' 

phalia,  Goldf 
1.  Retepora  clathrata,  Goldf  Maestricht,  Goldf. 

2. lichenoides,  Goldf   Maestricht,  Goldf 

3. tnmcata,  Goldf   Maestricht,  Goldf. 

4.  ■  disticha,  Goldf  Maestricht,  Goldf 

5. cancellata,  Goldf,   Maestricht,  Goldf 

J.  Flustra  utricularis,  Lam.    Chalk,  Sussex,  Mant, 
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IFhotra?  reticulata,  Demn.  Baculite  Limestone,  Nonn.,  Desn, 
3.— *~flabelliformis,  Lam,  Baculite  Limestone,  Normandy, 
Dctn, 
,  species  not  determined.  Chalk,  Sussex,  Mant, 
1.  Ceriopora  micropora,  Goldf,   Maestricht,  GoJdf, 
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cr3rptopora,  Goldf,  Maestricht,  Goldf. 
anomalopora,  Goldf.  Maestricht,  Goldf 
dichotoma,  Goldf  Maestricht,  Goldf 
miUeporacea,  Goldf  Maestricht,  Goldf 
madreporacea,  Goldf  Maestricht,  Goldf 
tubiporacea,  Goldf  Maestricht,  Goldf 
verticillata,  Croldf  Maestricht,  Goldf 
spiralis,  Goldf,  Maestricht,  Goldf 
pustulosa,  Goldf  Maestricht,  Goldf 
compressa,  Goldf  Maestricht,  Goldf 
stellata,    Goldf    Maestricht;    Cretaceous  Rocks, 

Essen,  Goldf, 
Diadema,  Goldf  Maestricht,  Goldf, 
polvmorpha,    Goldf     Cretaceous   Rocks,    Essen, 

Westphalia,  Goldf. 

-  gracilis,  Gol^,  Cretaceous  Rocks,  Essen,  Goldf 

-  spongites,  Goldf  Cretaceous  Rocks,  Essen,  Goldf 

-  clavata,  Goldf  Essen,  Westphalia,  Goldf 

-  trigona,  Goldf,  Cretaceous  Rocks,  Essen,  Goldf 
Mitra,  Goldf  Cretaceous  Rocks,  Essen,  Goldf 
venosa,  Goldf  Cretaceous  Rocks,  Essen,  Goldf 
cribrosa,  Goldf  Cret  rocks,  Essen,  Goldf 


1.  Lunulites  cretacea,  Defr.  Maestricht ;  Tours ;  Baculite  Lime- 
stone, Normandy,  Desn, 
1.  Oibitolites  lenticulata.  Lam,    Chalk,  Sussex,  Mant, ;  Green 

Sand,  Ferte  du  Rhone,  Al,  Brong, 
1.  l«ithodendron  gibbosum,  Munst,  Green  Sand,  Bochum,  West- 
phalia, Munst. 

*•  ■ ■■  gracile,  Goldf,  Green  Sand,  Quedlinburg,  Goldf, 

!•  Caiyophyllia  centralis,  Mant,  Chalk,  Sussex,  Mant ;  Chalk, 
Yorkshire,  Phil,;  Baculite  Limestone,  Nor- 
mandy, Desn, 
f  ^p         ■  ■  Conulus,  PhU,  Speeton  Clay,  Yorkshire,  Phil, 
]-  Tutbinolia  mitrata,  Goldf  Aix  la  Chapelle,  Gol^. 

J  r Koenigi,  Mant,  Gault,  Sussex,  Mant, 

!•  Fungia  radiata,  Goldf     Cretaceous  Sand,  Aix-la^Chapelle, 
Goldf 
cancellata,  Goldf,    Maestricht,  Goldf 
coronula,  Goldf  Cretaceous  Rocks,  Essen,  Westpha- 
.  lia,  Goldf, 

•  Chenendopora  fungiformis.  Lam,    Upper  Green  Sand,  Waf 

minster,  Lon^ 
N5 
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1.  Hippalimus  fbngoides,  Lam.    Upper  Green  Sand,  Wanoft- 

ster,  Lons, 

1.  Diploctenium  cordatum,  Goldf.    Maestricht,  GMJ, 

2.  Pluma,  GoUf.    Maestricht,  Goldf. 

1.  Meandrina  reticulata,  GMf    Maestricht,  Goldf. 

1.  Astrea  flexuosa,  Goldf.    Maestricht,  Goldf. 

2.  geometrica,  Goldf.    Maestricht,  Goldf. 

3.  clathrata,  Goldf.    Maestricht,  Goldf. 

4.  escharoides,  Goldf    Maestricht,  Goldf 

5.  textiUs,  Goldf.    Maestricht,  Goldf. 

6. velamentosa,  Goldf.    Maestricht,  GoMf. 

7. gyrosa*  Goldf.    Maestricht,  Goldf. 

8.  elegans,  Goldf.    Maestricht,  Goldf. 

9. angulosa,  Goldf.    Maestricht,  Gddf. 

10.  geminata,  Goldf    Maestricht,  Goldf. 

11.  —  arachnoides,  iScArofer.    Maestricht,  Goldf. 

12.  Rotula,  Goldf.    Maestricht,  Goldf. 

13. macrophthalma,  Goldf.    Maestricnt,  Goldf 

14.  muricata,  Croldf.    Chalk,  Meudon,  Goldf. 

15. stvlophora,  Goldf.   Meudon,  Goldf. 

I.  Pagrus IProteus,  Defr.  Meudon;  Tours;  Baculite  Limestoiie; 

Normandy,  Desn. 

Polypifers,  genera  not  determined.  Green  Sand,  GrrandCh8^ 

treuse,  Beaum. ;  Green  Sand,  Maritime  Alps,  Dt  la  B-  j 

Lower  Green  Sand,  Isle  of  Wight,  Sedg.';  Gourdon,  S.  o 

France,  Dufr. 

Radiaria. 

1.  Apiocrinites  ellipticus,  Miller.  Chalk,  Sussex,  Mant.;  Chall 

Yorkshire,  PhU.;  ChsJk   Touraine;  Bacnlif 
Limestone,  Normandy,  Detn. 
1.  Pentacrinites,  species  not  determined.  Chalk,  Sussex,  ATon^. 

Speeton  Clay,  Yorkshire,  Phil. 
1.  Marsupites  omatus.  Miller.  Chalk,  l^issex,  MamL;  Chall 

Yorkshire,  PhU. 
1.  Glenotremites  paradoxus,  Goldf    Marly  Chalk,  Speldorf,  be 

tween  Duisberg  and  Miihlheim,  Goldf. 
Asterias,  species  not  determined.  Chalk,  Paris ;  Rouen ;  At 
Brong. ;  fiaculite  Limestone,  Normandy,  Detn. 
Qialk,  England. 

1.  Cidaris  cretosa,  Mant.    Chalk,  Sussex,  Mant. 

2.  variolaris,  Al.  Brong.    Chalk,  Sussex,  Mant. ;  Grea 

Sand,  Havre ;  Green  Sand,  Perte  du  R.hone,  Ai 
Brong,;  Cretaceous  Rodss,  Koesfeld  and  Essen 
Westphalia ;  Cretaceous  Rocks,  Saxony,  Goltf, 

3.  ..  daviger,  Komg.    Chalk,  Sussex,  MaaU. 

4.  vulgaris,  Lam.    Chalk,  Poland,  Al.  Brong. 
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5.  Cidaris  regalis,  €h>klf,    Maestricht,  Goldf, 

6. vesiculosa,  Goldf,    Cretaceous  Rocks,  Essen,  West- 
phalia, Goldf 

7. scutiger,  Munst,    Cretaceous  Rocks,  Kelheim,  Bava- 
ria, Goldf 

8. crenularis,  Lam.    Chalk,  France,  Goldf 

9.  ■  granulosa,  Goldf     Chalk,  Aix-la-Chapelle ;   Maes- 

tricht;    Cretaceous    Rocks,     Essen,   Westphalia, 
Goldf 

10. saxatilis.  Park,    Chalk,  Sussex,  Mant 

'  species  not  determined.     Chalk,  Speeton  Clay,  York- 
shire, Phil, 

1.  Echinus  regaJis,  Hoeninghatu,  Cretaceous  rocks,  Essen,  West- 
phalia, Goldf 

2. alutaceus,  Goldf    Cretaceous  Rocks,  Essen,  Goldf 

3. granulosus,  Munst,  Cretaceous  Sandstone,  Kehlheim, 

Bavaria,  Munst, 
4.   i  areolatus,  WahL    Balsherg,   Scania,  Nils,     Green 

Sand,  Wilts ;  Lyme  Regis,  Konig, 

J    5. Benettiae,  Konig,    Green  Sand,  Chute,  Wilts,  Konig, 
f  species  not  determined.  Green  Sand,  M.  de  Fis,  jil. 

Brong.;  Baculite  Limestone,  Normandy,  Desn.; 
ICa  Upper  Green  Sand,  Warminster,  Lons, 

it  i     1.  Galerites  alho-^alerus,  Lam,    Chalk,  Sussex,  Mant, ;  Chalk, 
,i|  Yorkshire,  Phil,;    Chalk,  Dieppe,  AL  Brong,; 

Chalk,  Quedlinherg  and  Aix-la-<])hapelle,  Goldf 
Chalk,  liuhlin,  Poland,  Pusch,  Cnalk,  Lyme 
Regis,  De  la  B, 

2.  — '  vulgaris,  Lam,  Chalk,  Sussex,  Mant, ;  Chalk, 
Dreux,  &c.,  Al,  Brong,;  Quedlinherg;  Aix-la- 
Chapelle,  Goldf    Chalk,  Lyme  Regis,  De  la  B, 

^*  "  suhrotundusj  Mant,    Chalk,  Sussex,  Mant, ;  Chalk, 

Yorkshire,  PhU, 

*• Hawkinsii,  Mant.    Chalk,  Sussex,  Mant, 

^»  abbreviatus,  Lam,    Cretaceous  Rocks,  Quedlinherg ; 

Aix-larChapelle,  Goldf, 
"•  ■■  canaliculatus,  Goldf    Cretaceous  Rocks,  Biiren  and 

Brencken,  Westphalia,  Goldf, 

'•  • Subuculus,  LinntBus,  Cretaceous  Rocks,  Koesfeld  and 

Essen,  Westphalia,  Goldf 

sulcato-radiatus,  Goldf    Maestricht,  Goldf, 

' ?  depressus.  Lam,  Green  Sand,  M.  de  Fis,  Al,  Brong, 

• f  species  not  determined.   Chalk,  Upper  Green  Sand, 

Warminster,  Lons, 
Clypeus,  species  not  determined.    Upper  Green  Sand,  War- 
^  minster.  Lorn, 

•  Clypeaster  Leskii,  Goldf    White  Chalk,  Mae^tdO^tX.,  Go\d.J. 


8. 
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2.  Clypeaster  fomicatus,   Goldf,    Cretaceous  Rocks,  Miinster, 

Westphalia,  Goldf. 

3.  oviformis,  Lam»     Green  Sand,  Mans,  Desn, 

1.  Ecbinoneus  subglobosus,  Goldf    Maestricht,  Goldf. 

2.  Placenta,  Goldf    Maestricht,  Goldf 

3.  ■      Lampas,  De  la  B.    Green  Sand,  Lyme  Regia^ 

DelaB, 
4. peltiformis,  Wahl,    Balsberg,  Scania,  Wahl, 

1.  Nucleolites  Ovulum,  Lam,     Maestricht,  Goldf 

2.  — ^— .  scrobicularis,  Goldf    Maestricht,  Goldf 

3.  .......^_  Rotula,  AL  Brong.    Chalk,  Rouen;  Green  Sand, 

M.  de  Fis,  AL  Brong, 

4.  __^  castanea,  AL  Brong.     Green  Sand,  M.  de  Kr, 

AL  Brong. 

5.  patellaris,  Goldf,    Maestricht,  Goldf. 

6.    pyriformis,  Goldf    White  Chalk,  Maestricht  and 

Aix-la-Chapelle,  Goldf 

7.  I    I'  lacunosus,  Goldf,  Cretaceous  Rocks,  Essen,  West- 

phalia, Goldj, 

8.  ■  cordatus,  Goldf    Cretaceous  Rocks,  Essen,  GoUf* 

9.  ■     .         carinatus,    Goldf,      Chalk,   Aix-la-Ohapelle    and 

Hildesheim;  Cretaceous  Rocks,  Essen,  Westpha- 
lia, Goldf 

10.  _  Lapis  Cancri,  Goldf  Aix-la-Chapelle;  MaestricH 

Goldf  ;  Upper  Green  Sand,  Warminster,  Loru. 
'     '    ,  species  not  determined.  Baculite  Limestone,  No^ 
mandy ;  Lower  Chalk,  Tours ;  Rouen,  Desn, 

1.  Ananchytes  ovata,  Lam,  Chalk,  Sussex,  jlfan^.;  Chalk,  York- 

shire, PAi7.;  Chalk,  Moen;  Meudon,  AL  Brong,; 
Baculite  Limestone,  Normandy;  Desn,;  Lim- 
hamn,  Sweden,  Nils, ;  Cretaceous  Rocks,  Coes- 
feld,  Westphalia,  Goldf, ;  Chalk,  Lublin,  Poland, 
Pusch, 

2.  ■  hemisphaerica,  ^/.  Brong,;  Chalk,  Yorkshire,  PAiX 
3. intumescens,         .   Chalk,  Yorkshire,  Phil, 

4.  ■  pustulosa,Zam.  Chalk,  Joigny;  Paris;  Rouen;  and 

Moen,  AL  Brong.;  Chalk,  Norwich,  Woodward. 

5.  ___  conoidea,  Goldf,    Cretaceous  Rocks,  Aubel,  Bel- 

gium, Goldf, 

6.  __  striata.     Lam,      Maestricht ;     Aix-la-Chapelle ; 

Quedlinburg,  Goldf, 
7. sulcata,  Goldf  Chalk,  Aix-la-Chapelle,  Maestrichi» 

Goldf 
6.      '  Corculum,  Goldf,      Cretaceous  Rocks,   Coe«feld» 

Westphalia,  Goldf, 
,  species  not    determined.      Chalk,  Warminit^) 

Lons, 
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Spatangus  Cor-anguinum,  Lam,  Chalk,  Sussex,  Mant;  Chalk, 
Yorkshire,  Phil, ;  Chalk,  Meudon ;  Joigny ; 
Dieppe ;  Green  Sand,  M.  de  Fis,  Al,  Brong,  / 
Baculite  Limestone,  Normandy,  Desn.;  Torp, 
Scania,  Nils.;  Chalk,  Dorset  and  Devon,  De 
la  B.;  Marly  Chalk,  Paderhom;  Bielefeld; 
Miinster ;  Coesfeld ;  Aix-la-Chapelle ;  Goldf, ; 
Planerkalk,  Saxony,  Munst, ;  Chalk,  Luhlin, 
Poland,  Pttsch;  Mont-Ferrand ;  Pic  de  Buga- 
rach,  Pyrenees,  Dufr, 

i,  rostratus,  Mant,    Chalk,  Sussex,  Mant,;  Chalk, 

Joigny,  Al,  Brong, 
3.  planus,  Mant,  Chalk,  Sussex,  Mant.;  Chalk,  York- 
shire, Phil, 

4. —  retusus,  Park,  Upper  Green  Sand,  Wiltshire,  Lone. 

5. cordiformis,  Mant,    Chalk,  Sussex,  Mant, 

6. suborhicularis,  Defr,  Green  Sand,  Dives,  Norman- 
dy, Al,  Brong, ;  Marly  Chalk,  Maestricht,  Goldf. 
7.  — I  punctatus,  Lam,  Upper  Green  Sand,  Warminster^ 

Lons. 

8. granulosus,  Goldf,    Maestricht,  Goldf, 

9. suhglobosus,  Leske,     White  Chalk,  Quedlinburg, 

Cretaceous  Rocks,  Buren,  Paderhom,  Goldf, 
10.  —.-..-»  nodulosus,  Goldf,  Cretaceous  Rocks,  Essen,  West- 
phalia, Goldf, 

11. radiatus.  Lam,    Maestricht,  Goldf. 

12. truncatus,  Goldf.  White  Chalk,  Maestricht,  Goldf 

13. omatus,   Cuv,     Chalk,   Aix-la-Chapelle,    Goldf; 

Env.  of  Bayonne,  Dufr, 

li Bucklandii,  Uoldf,  Cretaceous  Rocks,  Essen,  Goldf, 

15. Bufo,  Al,  Brong,      Chalk,   Meudon,  H&vre,  AL 

Brong, ;  Chalk,  Sussex,  Mant,*;  Baculite  Lime- 
stone, Normandy,  Desn,;  Chalk,  Aix-la-Cha- 
pelle; Maestricht,  Goldf, 

16. arcuarius.  Lam,  White  Chalk,  Maestricht,  Goldf 

17. Prunella,  Lam,    Marly  Chalk,  Maestricht,  Goldf 

18. Amygdala,  Goldf.  Chalk,  Aix-la-Chapelle,  Goldf 

19. gibbus.  Lam,   Cretaceous  Rocks,  Paderhom,  West- 
phalia, Goldf, 

20. Cor-testudinarium,  Goldf,  White  Chalk,  Maestricht 

and  Quedlinburg  ;  Cretaceous  Rocks,  Coesfeld, 
Westphalia,  Gddf, 

'1.  %        Bucardium,  Goldf  Chalk,  Aix-la-Chapelle,  Goldf 

2.  I   lacunosus,  Linnaus,  Chalk,  Quedlinburg  and  Aix- 

la-Chapelle,  Goldf, 

*  Sp,  Prunella  of  Mantell,  according  to  Brongniart. 
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23.  Spatangus  Murchisonianus,  Kcenig,  Upper  Green  Sand,  Sot- 
sex,  Murch,,  Mant, 

24. bemispliaBricus,  Phil,  Chalk,  Yorkshire,  Phil 

25.  argillaceus,  PhU.  Speeton  Clay,  Yorkshire,  Pkii. 

26. laBvis,jDc/r.  Green  Sand,  Pertedu  Rhone,  ^/.^roiuf. 

27. acutus,  Desk,,  S.  of  France ;  Rouen,  Desh. 

28.  Ambulacrum,  Desk.,  Pyrenees,  Desh. 

,  species  not  determined.  Gault  and  Lower  Greea 

Sand,   Sussex,   Mant, ;    Green   Sand,   Granda 
Chartreuse,  Beaum, ;  Chalk,  Warminster,  Zom. 

Annulata. 

1.  Serpula  ampullacea,  Sow,     Chalk,  Sussex,  Mant, ;  Chalk, 

Norfolk,  Barnes. 

2.  Plexus,  Sow.    Chalk,  Sussex,  Mant. 

3.  ■  Carinella,  Sow.     Green  Sand^  Blackdown,  Sow. 

4.  ■  antiquata.  Sow.    Green  Sand^  Wilts,  Sow. 

5. rustica,  Sow.  Upper  Green  Sand,  Folkstone,  GoodhaU. 

6.  articulata.  Sow,    Upper  Green  Sand,  Folkstone,  Sow. 

7.  obtusa,  Sow,     Chalk,  Norfolk,  Rose. 

8. fluctuata,  Sow.    Chalk,  Norfolk,  Barnes. 

9.  ?  macropus,  Sow.    Chalk,  Norfolk,  Leathes. 

f  species  not  determined.    Red  Chalk,  Speeton  Clay, 

Yorkshire,  Phil. ;  Chalk,  Paris,  Al,  Brong, ;  Char- 
lottenlund ;  Kopinge,  Scania,  Nils. 

CiRRIPEDA. 

1.  PoUicipes  sulcatus,  Sow.    Chalk,  Sussex,  Mant. 
2, maximus,  Sow.     Chalk,  Norfolk,  Barnes. 

CONCHIFERA. 

1.  Magas  pumilus,  Sow.  Chalk,  Norwich,  T'fly/or;  Chalk,  Meu- 
don,  Al.  Brong. ;  Maestricht,  Hoen. 

1.  Thecidea  radians,  Defr.    Chalk,  Maestricht,  Fauj.  de  St, 

Fond ;  Baculite  Limestone,  Normandy,  Desn. 

2.  recurvirostra,  Defr.  Maestricht;  Baculite  Limestone, 

Normandy,  Desn. 

3.  hieroglyphica,  Defr,    Chalk,  Essen,  Hoen. 

1.  Terebratula  subrotunda,  Sow,    Chalk,  Sussex,  Mant.;  Green 

Sand,  Bochum,  Hoen, 

2.  camea,  Sow,  Chalk,  Sussex,  Mant, ;  Chalk,  Men- 

don,  Al,  Brong,  /  Green  Sand,  Bochum,  iTofS. 

3.  '  ovata.  Sow,    Chalk,  Lower  Green  Sand,  Sussex, 

Mant, ;  Kopinge,  Scania,  Nils, ;  Green  Sand, 
Bochum,  a€en. 


Organic  Bemaku  of  the  Cretaceous  CHrmip*  279 

rebratula  undata,  Sow.    Chalk,  Sussex,  Mant. 

elongata,  Sow,    Chalk,  Sussex,  Mant. 

plicatilis.  Sow.    Chalk,  Sussex,  Mant.;  Chalk, 

Meudon,  Moen ;  M.  de  Fis,  Al.  Brong, ;  Green 
Sand,  Grande  Chartreuse,  Beaum. ;  Chalk, 
Gravesend,  Sow. ;  Jonsac ;  Cognac,  Dufr. 
•  •  subplicata,  Mant.  Chalk,  Sussex,  Mant.;  Chalk, 
Yorkshire,  Phil.;  Chalk,  Maestricht;  Tours; 
Beauvais ;  Bac.  Limestone,  Normandy,  Dem. 

curyirostris,  Nile.     Kopinge,  Scania,  Nils. 

Mantelliana,  Sow.    Chalk,  Sussex,  Mant. 

Martini  •,  Mant.    Chalk,  Sussex,  Mant. 

rostrata.  Sow.    Chalk,  Sussex,  Mant. 

squamosa,  Mant.    Chalk,  Sussex,  Mant. 

biplicata.  Sow.  Upper  Green  Sand,  Sussex,  Mant. 

Upper  Green  Sand,  Cambridge,  Sedg. 

lata,  Sow.    Lower  Green  Sand,  Sussex,  ManL  ; 

Green  Sand,  Devizes,  Sow. ;  Upper  Green 
Sand,  Warminster,  Lons. ;  Gourdon,  Dufr. 

subundata.  Sow.  Chalk,  Speeton  Clay,  Yorkshire, 

Phil. :  Chalk,  Rouen,  Al.  Brong. 

pentagonalis,  Phil.  Chalk,  Yorkshire,  Phil, 

mconstans,  Sow.  Speeton  Clay,  Yorkshire,  PhiL 

tetraedra.  Sow.     Speeton  Clay,  Yorkshire,  PhiL 

lineolata,  Phil.    Speeton  Clay,  Yorkshire,  Phil. 

Defranciif,  Al.  Brong.    Chalk,  Meudon,   AL 

Brong. ;  Chalk,  Sussex,  Mant. ;  Speeton  Clay, 
Yorkshire,  Phil.;  Balsberg,  Morby,  Sweden, 
NUs.;  Maestricht,  Hoen, 

alata,  Lam.    Chalk,  Meudon,  Al.  Brong. ;  Ko- 
pinge ;  Morby,  Sweden,  Nils  ;  Cognac,  Dufr. 

octoplicata,  Sow.    Chalk,  Dieppe,  Al.  Brong. ; 

Balsberg ;   Ignaberga,  Sweden?  NUs. ;  Green 
Sand,  QuedUnburg,  Horn.;  Jonsac;  Cognac, 
Dufr. 
'  GalUna,  AL  Brong.  Green  Sand,  Pertedu  Rhone, 

Al.  Brong. ;  Baculite  Limestone,  Normandy, 
Desn. 

omithocephala.  Sow.     Green  Sand,  Perte  du 

Rhone;  M.  de  Fis,  AL  Brong. 

' pectita,  Sow.    Baculite  Limestone,  Normandy^ 

Desn. ;  Ignaberga,  Scania  ?  Nils. ;  Havre, 
Al.  Brong.;  Upper  Green  Sand,  Wilts,  Meade; 
Maestricht,  Hoen. 

T.Pisum  of  Sowerby.  f  J.  #*rt«<«fa  of  MantelL 
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26.  Terebratula  recurva,  Z)«/r.    Maestricht;  Baculitelamei 

Normandy,  Desn, 

27.  — — ^  leevigata,  Nils,    Kopinge,  Scania,  NUs, 

28.  triangularis,  Wahl.    Kopinge,  Scania,  NiU 

29.  longirostris,  Wahl,    Balsberg;  Kjuge,  Swi 

Nils, 

30.  ■  Lyr  A,  Sow,  Upper  Green  Sand,  Warminster,  j 

31.  rhomboidalis,  jVifo.  Kjuge;  Morby,  Sweden, 

82.  semiglobosa.    Sow,      Charlottenlund,    Sw( 

Nils, ;  Chalk,  Moen,  Al,  Brong, ;  Green  S 
Bochum,  Hcen,  ;  Chalk,  Yorkshire,  Phil 

33.  .1'  obtusa.  Sow,    Upper  Green  Sand,  Cambi 

Sedg. ;  Green  Sand,  Quedlinburg,  Hoen, 

34.  ..  obesa,  Sow,    Chalk,  Warminster,  Lons, ;  C 

Biinde,  Kiindert,  tioen, 

35.  dimidiata,  Sow,    Green  Sand,  Haldon,  Sou 

36.  aperturata,  Schlot,    Chalk,  Essen,  Hoen, 

87.  chrysalis,  Schlot,    Maestricht,  Hoen. 

38.  curvata,  Schlot,  Green  Sand,  Quedlinburg,  2 

89.  dissirailis,  Schlot,  Green  Sand,  Bochum ;  C] 

Speldorf,  Hoen, 

40.  lacunosa,  ^ycA/o^.  Green  Sand,  Quedlinburg,  i 

4 1 .  microscopica,  Fauj,  de  St,  F,  Maestricht. 

42.  nucleus,  Defr,    Green  Sand,  Bochum;  Q 

linburg,  Horn, 

43.  ovoidea,  Sow,    Green  Sand,  Bochum,  Hoen 

44.  peltata,  .  Maestricht,  Horn, 

45.  semistnata,  Lam,    Green  Sand,  Bochimi,  / 

46.  striatula.  Sow,    Green  Sand,  Bochum,  Hot 

47.  varians,        .  Chalk,  Essen,  Hoen, 

48.  vermicularis,  Schlot    Maestricht,  Hoen, 

49.  —  minor,  Nils,    Kjuge,  Nils, 

50.  .  pulchella,  Nils,     Scania,  Nils, 

51.  costata,  Nils,    Kjuge,  Nils, 

52.  Lens,  Nils.  Charlottenlund,  Sweden,  Nils, 

53. depressa.  Lam,  Gourdon,  S.  of  France,  Dt^ 

1 .  Crania  Parisiensis,  Defr,  Chalky  Meudon,  Al,  Brong, ;  CI 

Brighton,  Sow, 

2,  antiqua,  Defr,  Baculite  Limestone,  Normandy,  Di 

Chalk,  Schlenacken,  Hoen, 

3. striata,  Defr,    Baculite  Limestone,  Normandy,  De 

Balsberg,  &c.  Sweden,  Nils, 

4. stellata,  Defr,    Baculite  Limestone,  Normandy,  B 

5.  spiuulosa.  Nils,    Kjuge ;  Morby,  Sweden,  NUs, ;  M 

tricht,  Hcen. 

6.  tuberculata,  NUs,    Scania,  Nils, 
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7.  Cnnia  Nummulus,  Lam,  Balsberg ;  Kjuge ;  Ifo,  in  Scania, 
Nils,;  Schlenacken;  Scbonen,  j^om. 

S. nodulosa,  Hcen,    Maestricht ;  Sweden,  Hoen, 

Orbicula,  species  not  determined.  Lower  Green  Sand,  Sussex, 
f  Martin;  Speeton  Clay,  Yorkshire,  Phil. 

1.  Hippurites  radiosa,  Des  M,    Cendrieux,  F6rigord,  Des  M, 
t         ■        Comu    Pastoris,    Des   M,      Pyles,    P6rigueux, 
JouanneL 

3. striata,  Dc/r.  Alet,Aude;  Manbach,  Berne,  Z)e»ilf. 

4. sulcata,  Defr,    Alet,  Aude,  Des  M, 

5.  .  dilatata,  Defr,    Alet,  Aude,  Des  M, 

6. bioculata.  Lam,    Alet,  Aude,  Des  M, 

7, Fistulae,  Defr,    Alet,  Aude,  Des  M, 

,  species  not  determined.  Cretaceous  Rocks,  South 
of  France,  Beaum,;  Pyrenees;  Jonsac  (very 
large),  Dufr. ;  Western  Alps,  Lill  von  Lillien- 
bach;  Murch, 
1.  Sphaerulites  dilatata,  Des  M.  Chalk,  Roy  an  and  Talmont, 
mouth  of  the  Gironde,  Des  M, 

2. Bournonii,  Des  M,    Royan  and  Talmont ;  Valine 

de  la  Couze,  Dordogne,  De%  M, 

3.  .         ingens,  Des  M,  Royan  and  Talmont,  Des  M. 

4.  __  Hceningbausii,  Des  M,     Royan  and  Talmont; 

Chalk,  Languais,  Dordogne,  Des  M, 

5. foliacea.  Lam,    Isle  d'Aix,  Fleurian  de  Bellevue, 

6. Jodamia,   Des  M,     Mirambeau,   Charente-Inf6- 

rieure,  Defr, 

7. Jouannetti,  Des  M,   Valine  de  la  Couze,  P6rigord, 

Des  M, 
8. crateriformis,  Des  M,     Royan ;  Languais,  Dor- 
dogne, Des  M, 

9.  ■ Moulinii,  Goldf    Maestricht,  Horn, 

!•  Ostrea  vesicularis,  Lam,  Chalk,  Sussex,  Mant, ;  Chalk,  P^- 
ngueux,  Meudon,  Al,  Brong,;  Chalk,  Maestricht^ 
Fauj,  de  St,  F.;  var.  Baculite  Limestone,  Nor- 
mandy, Desn,;  Kopinge;  Kjuge,  Sweden,  NHs, 

^ semiplana,  Mant,    Chalk,  Sussex,  Mant, 

3» canaliculata.  Sow,    Chalk,  Sussex,  Mant, 

^'  —  carinata,  Lam,  Upper  Green  Sand,  Sussex,  Mant, ; 
Green  Sand,  Normandy,  De  la  B,;  Green  Sand^ 
Grasse,  (Dep.  of  the  Var,)  Martin  de  Martigues; 
Green  Sand,  Bochum ;  Chalk,  Essen,  Hoen, 

**•  serrata,  Defr,    Chalk,  Sweden ;   Dreux,  Al,  Brong, ; 

Green  Sand,  Grasse,  Var ;  Maestricht,  Hoen, ;  Jonsac ; 
^  Cognac ;  AngoulSme ;  Coustouge,  Dufr, 

^*  <—— lateralis.  Nils.    Kopinge;  Ifo,  Scania,  Nils,;  Chalk, 
Essen,  Hoen. 
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7.  Ofltrea  clavata,  NUt*    Mdrby,  Sweden,  Nik, 

8.  Hippopodium,  NiU,    Ifb ;  Carlshamn,  Sweden,  Ni 

9. cunriroBtris,  Nils,    Ifd ;  Kjuge,  Scania,  NiU. 

10.  — — *  acutiroBtris,  NiU,    IfS ;  Scania,  NiU, 

11.  — -  flabelliformis,  NiU,     Kjuge,  Morby,  Sweden,  N\ 

Chalk,  Essen,  Hcen. 

12.  -— —  pusilla,  NiU,    Kdpinge,  Scania,  NiU, 

13.  — —  diluviana?*  Zam.  ioalsberg;  Kjuge;  Morby;  Carlsha 

Sweden,  NiU, 

14.  — -  lunata,  NiU,    Ahus,  Yngsjd,  Scania,  NiU, 

15.  -^—  parasitica,        •    Green  Sand,  Bochum,  Hfen, 
16. truncata,        •     Green  Sand,  Griesenbeck,  Ham, 

17.  —  incurra,  NiU,    Kjuge;  Oppmanna,  NiU, 

18.  —  ?  plicata,  NiU,    K^uge,  Sweden,  NiU, 

19. biauriciUaris,       •    Ju>n8ac;  Cognac;  AngoulSme,/) 

1.  Hinnites?  Dubuissoni,        .    Chalk,  Dou6,  Horn, 

1.  £xog3rra  digitata,  Sow,    Green  Sand,  Lyme  Regis,  De  U 

2.  '  '■  conica,  Sow,    Green  Sand,  Sussex ;   Upper  Gi 

Sand,  Wilts ;  Green  Sand,  Blackdown,  Sow, ;  '. 
pinge,  NiU,  Green  Sand,  Haldon  Hill,  Baker, 

3.  ■■  undato,  Sow,    Green  Sand,  Blackdown,  GoodhaU 

4.  haliotoidea.  Sow,    Upper  Green  Sand,  Warmini 

Lons.;  Chalk,  Essen,  Hcen,;  Kjuge;  Balsbc 
Morby,  NiU. 

5.  laevigata.  Sow.    Green  Sand,  N.  of  Ireland,  Sow. 

1.  Gryphaea  vesiculosa.  Sow.  Upper  Green  Sand,  Sussex,  Mm 

Green  Sand,  Warminster,  Bennet;  Green  Sa 
Bouches  du  Rhone,  Hcen.;  Bourg  St.  Andri 
Env.  of  Font  St.  Esprit ;  Gourdon,  Dufr. 

2.  — —  sinuata.  Sow.    Speeton  Clay,  Yorks.,  Phil.;  Gx 

Sand,  Grande  Chartreuse,  Beaum.;  Lower  Gr 
Sand,  Isle  of  Wight,  Sedg.;  Pic  de  Bugara 
Bourg  St.  Andr6ol,  Dufr, 
8.  —  auricularis,  Al.  Brong.  Chalk,  P^rigueux,  Al.  Broj. 
Green  Sand,  Grande  Chartreuse,  Beaum.;  Chi 
Kasdmirz,  Poland,  Puach;  Green  Sand,  A 
Vaucluse,  ITeeTi.;  Jonsac;  Cognac,  Dti/V. 

4.  Aquila,  Al.  Brong.     Green  Sand,  Perte  du  Rhc 

A  I.  Brong.;  Pic  de  Bugarach,  Pyrenees;  Bo 
St.  Andr^ol ;  Jonsac ;  Cognac,  Dufr. 

5.  Columba,  Lam.    Green  Sand,   Normandy ;  Gti 

Sand,  Maritime  Alps,  De  la  B.;  Green  Sa 
Northamptonshire,  isow. ;  Chalk,  Kazimlrz,  Pola 
Pusch;  Regenburg;   Pima;    Konigstein,  Ho 

*  M.  Brongniart  considers  that  this  shell,  cited  by  M.  Nilsfon 
O,  diluvianaf  may  be  the  0.  serrata  oi  \>etc«.w^. 
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Chalk,  Saumur;  Mans,  Horn,;  £nv.  of  Pont  St. 
Esprit ;  Angoul^me,  Dtrfr, 

6.  Giyphaeaplicata,  Lam,  Green  Sand,  Boenngfeld;  Chalk,  Sau- 
mur, HcBn, 

7*  ■  '  —  truncata,  Gcldf,    Maestricht,  Hosn. 

8-  — --  secunda,  .  Env.  of  Pont  St.  Esprit ;  Jonsac ; 
Cognac;  Gourdon;  Pic  de  Bugarach,  Pyrenees, 

^'  — —  canaliculata,  Sow,    Upper  Green  Sand,  Wilts,  Sow, 

-,  a  small  species  in  the  baculite  limestone  and  chalk  of 

other  parts  of  France,  Desn, 
1.  Sphsera  corrugata.  Sew,    Lower  Green  Sand,  Isle  of  Wight, 

Sedg, 
i>  Podflipsis  lata,  Mant,  Chalk,  Sussex,  Mant, 
i  ■'    '       obliqua,  Mant,    Chalk,  Sussex,  Mant, 
t  striata.  Sow,  Chalk,  Yorks.,  PAt/. ;  Chalk,  H&vre,  Al, 

Brong,;  Chalk,  Essen;  Bochum,  Hosn, 
i,  — —  truncata,  Lam.    Chalk,  Normandy,  Touraine,  Al, 
Brong,;  Balsherg  and  other  places  in  Sweden,  N%1$, 
Ljrme  Re^,  De  la  B, 
5,  —— — —  lamellata,  NiU,    Kjuge,  M6rhy,  Sweden,  Nih, 
6*  —  spinosa,        .    Coustouge,  Dufr, 

,  species  not  determined.    Gourdon,  Dufr, 
I.  Spondylus?  striffilis,  AL  Brong, ;  Green  Sand,  Perte  du  Rhone, 

Al,  Brong, 
1.  Flicatola  inflata.  Sow,    Chalk,  Sussex,  Mant, ;  Chalk,  Cam- 
bridge, Sedg, 
l^  ,     pectinoides.  Sow,    Chalk,  Sussex,  Mant. ;  Gault, 

Cambridge,  Sedg, 
I.  Fecten  quinquecostatus,  Sow,    Chalk,  Sussex,  Mant,;  Chalk, 
Meudon,  Al,  Brong.;  Green  Sand,  Perte  du  Rhone, 
Al,  Brong, ;  Baculite  Limestone,  Normandy,  Desn, ; 
Kdpinge,  and  other  places  in  Sweden,  Nils. ;  Green 
Sand,  Blackdown,  Sow.;  Green  Sand,  Lyme  Regis, 
De  la  B, ;  Upper  Green  Sand,  Warminster,  Lons, ; 
Green  Sand,  Coesfeld,  Osterfeld;  Chalk,  Saumur, 
Hosn,;  Env.  of  Pont  St.  Esprit;  Cognac;  Mont- 
Ferrand ;  Pic  de  Bugarach,  Pyrenees ;  Env.  of  Ba- 
yonne,  Dufr, 
2.  — —  Beaveri,  Sow,    Chalk,  Sussex,  Mant, 
8.  '^—  triplicatus,  Mant,    Chalk,  Sussex,  Mant, 

4. orbicularis.  Sow,    Chalk,  Gault,  Lower  Green  Sand, 

Sussex,  Maid,;  Ropinge,  Sweden ?iS^i/tf.;  Green  Sand, 
Aix  la  Chapelle,  Hosn, 
5«  - —  quadricostatus.  Sow,  Lower  Green  Sand,  Sussex,  Mant,; 
Chalk,  Maestricht;  Baculite  Limestone,  Normandy^ 
Detn.;  Green  Sand,  Grande  Chartreuae,  fieoum,; 
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Green  Sand,  Haldon,  Baker ;  Upper  Green  Sand, 
Warminster,  Lons, 

6.  Pecten  obliquus,  Sow,    Lower  Green  Sand,  Sussex,  Mas^. 

7.  cretosus,  Defr,  Chalk,  Meudon,  ^/.^ron^.;  Chalk,  Lub- 

lin, Poland,  P«scA;  Chalk,  Anders;  Maestricht,  jETflm. 

8.  aracnnoides,  Defr,    Chalk,  Meudon  and  Normandy,  Ai 

Brong. ;  Chalk,  Lublin,  Poland,  Pusch, 
9, extextus  •,  AL  Brong. ;  Chalk,  Hftvre ;  Baculite  Lime- 
stone, Normandy,  Desn, ;  Chalk,  Angers,  Hoen, 

10.  serratus.  Nils,    Balsberg ;  Kopinge,  Sweden,  Nils, 

11. septemplicatus,  NUs,    Balsberg,  1^'uge,  Sweden,  NiU. 

12.  multicostatus,  NUs,    Balsberg,  Sweden,  Nils, 

13.  undulatus.  Nils,    Kopinge;  Kaserberga,  Scania,  NUs, 

14.  subaratus,  NUs,    Balsberg ;  Kjuge,  Sweden,  NUs, 

15.  pulchellus,  Nils,    Kopinge;  Balsberg,  Sweden,  NUs, 

16. lineatus.  Nils,    Kopinge ;  Morby,  Sweden,  NiU. 

17.  arcuatus,  Sow,    Kopinge,  Sweden,  NUs,;  Green  Sand, 

Aix  la  Chapelle,  Hasn, 

18.  virgatus,  NUs,    Balsberg;  Morby,  Nils, 

19.  membrauaceus,   NUs,      Kopinge,    and   other  placei» 

Sweden,  Nils, 

20.  laBvis,  NUs,    Kopinge;  Yngsjoe,  Sweden,  Nils,;  Ail 

la  Chapelle,  Hobu, 

21.  inversus,  NUs,    Kopinge,  Sweden,  Nils, 

22. asper,  Lam,    Upper  Green  Sand,  Warminster,  Loru.; 

Chalk,  Lublin,  Poland,  Pusch;  Green  Sand,  Bochum; 
Chalk,  Hatteren,  Hoen, 

23.  asperrimus,        .    Green  Sand,  Hardt,  Hosn. 

24.  gracilis.  Sow,     Green  Sand,  Aix  la  Chapelle?  Hoen, 

25.  gryphaeatus,        .   Green  Sand,  Aix  la  Chapelle,  Hobs, 

26.  nitidus,  Sow.    Chalk,  Sussex,  Mant. ;  Green  Sand,  Aix 

la  Chapelle,  Hoen, 

27.  regularis,  Schlot.     Maestricht,  Hoen, 

28.  sulcatus.  Sow,  Green  Sand,  Hardt;  Maestricht?  Hoen, 

29.  versicostatus,         .  Green  Sand,  Aix  la  Chapelle;  Green 

Sand,  Minden,  Hoen. 

SO.  corneus,  Sow,    Kopinge?  NUs. 

31.  dentatus,  NUs.  Balsberg,  NUs. 

,  species  not  determined ; — Chalk,  Sussex,  Mant. ;  Spee- 

ton  Clay,  Yorks.,  PhU, ;  Gtreen  Sand,  Maritime  AIjM^ 
De  la  B, 
1.  Lima  pectinoides,        Maestricht,  Hoen. 
1.  Plagiostoma  spinosiunf,  Sow,    Chalk,  Sussex,  Mant,;  Chalk, 

*   M.  Hceningbaus  considers  this  shell  the  same  with  P.  serraith 
Nilsson. 
f  Pachites  spinota  of  Defrance.    According  to  M.  Deshayes,  the  fp^ 
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MeudoD,  Dieppe,  Rouen,  P^rigueux,  Poland, 
jil.  Brong, ;  Kopinge,  Sweden,  Nils. ;  Chalk, 
Dorset  and  Devon,  De  la  B,;  Chalk,  Wein- 
hohla.  Saxony,  Weiss;  Quedlinhurg,  HoU; 
Osterfeld,  Hem,;  Env.  of  Pont  St.  Esprit; 
Coustouge,  Dufr, 
Plagiostoma  Hoperi,  mant ;  Chalk,  Sussex,  ManU 

Brightoniensis,  Mant, ;  Chalk,  Sussex,  Mant, 

,  elongatum,  Sow, ;  Chalk,  Sussex,  Mant, 

.  — — — ' asperum,  Mant, ;  Chalk,  Sussex,  Mant, ;  Cous- 
touge, Dufr, 

, — - —  pectinoide.  Sow,     Green  Sand,  Perte  du  Rhone, 

Al,  Brong, 

.  ovatum,  Nils,    Balsherg  and  Kjuge,  Sweden, 

Nils, 

3. semisulcatum,  Nils,    Balsherg  and  other  places, 

Sweden,  Nils, ;  Chalk,  Kunder,  Saumur,  Hcen, 

9.  Mantelli,  Al.  Brong,     Chalk,  Dover ;   Moen, 

Denmark,  Al.  Brong, 

,0. granulatum.  Nils,    Kopinge,   Kjuge,   Sweden, 

Nik. 
II. eleganSf  Nils.  Balsherg,  Morhy,  Sweden,  JVi&. 

12.  . pusillum.  Nils.     Balsberg,   Kopinge,   Sweden, 

Nils, 

13.  — turgidum,  Zam.     Chalk,  Saintes;  Green  Sand, 

Osterfeld,  Hcen, 

14.  — punctatum?  5'of<;.  Maestricht,  £^a?7}. ;  Balsherg, 

Sweden,  Nils, 

15.  — . denticulatum,  Nils.    Ignaherga,  Kjuge,  Nils. 

,  species  not  determined: — ^Upper  Green  Sand, 

Sussex,  Mant, 
1.  Avicula  cserulescens.  Nils.     Kopinge,  Kaseherga,   Sweden, 

NiU, 

. ,  species  not  determined.      Chalk,  Sussex,   Mant,; 

Maestricht?  Hcen,;  Gourdon,  Dufr. 

1.  Inoceramus  Cuvieri,  Sow.    Chalk,   Sussex,  Mant.;  Chalk, 

Yorks.,  Phil.;  Chalk,  Meudon,  Al.  Brong.; 
Balsberg;  Ignaherga,  Kjuge,  Sweden,  Nils. 
Jonsac ;  Cognac ;  Gourdon,  Dufr, 

2.  Brongniarti, Mant,  Chalk,  Sussex, Mant,;  Chalk, 

Yorks.,  Phil, ;  Kaseherga,  Kopinge,  Sweden, 
Nils.;  Chalk,  Czarkow,  Poland,  Pusch;  Qued- 
linhurg, Hcen, 

ciet  of  Plagiostoma  which  have  been  named  Pachites  by  M.  Defrance, 
•n  refierable  to  the  genus  Spondylus,  while  the  remaining  species  of  the 
••BM  lapposed  genus  belong  to  the  genus  Lima. 
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3.  InoceramuB  Lamarckii  *,        .    Chalk,  Sussex,  ManL 

4. mytiloides,  Mant^  Chalk,  Sussex,  Mant;  Cha\k, 

Warminster,  Lona, ;  Quedlinbui^;  Pirna,  Kb- 
nigstein,  HoU. ;  £nv.  of  Pont  St.  Esprit,  Lujr. 

5. cordifonnis.  Sew,   Chalk,  Sussex,  Mant,;  Chalk, 

Gravesend,  Sow* 

6.  '- latus,  Mant.    Chalk,  Sussex,  ManL 

7. Websteri,  Mant,    Chalk,  Sussex,  Mant. 

8.  striatus,  Mant.    Chalk,  Sussex,  ManL 

9.  -^ undulatus,  ManL    Chalk,  Sussex,  ManL 

10. involutus,  Sow,    Chalk,  Sussex,  Mant,;  Chalk 

Norfolk,  Hose, 

11.  tenuis,  Mant,    Chalk,  Sussex,  ManL 

12.  Cripsii,  Mant,    Chalk,  Sussex,  Mant. 

13.  concentricus.  Park,      Gault,    Sussex,    ManL 

Green  Sand,  Ferte  du  Rhone,  M.  de  Fis,  Jl 
Brong, ;  Chalk,  Warminster,  Lons, ;  Gbrea 
Sand,  QuedlinbuTg,  Bochum,  and  Essen,  Htok 

14.  sulcatus,  Park,    Gault,  Sussex,  Mant, ;  Greei 

Sand,  Ferte  du  Rhone;  M.  de  Fis,  Al,  Brong, 
Kbpinge,  Scania,  Nils,;  Green  Sand?  Nice 
De  la  B, 

15.  gr3rphaeoide8.  Sow,  Gault,  Sussex,  ManL  ;  Gree 

Sand,  Lyme  Regis,  De  la  B, 

16.  pictus,  Sow.    Chalk,  Surrey,  Mwrch, 

17.  rugosus,         .    Quedlinburg,  Hoen,    ' 

,  species  not  determined.    Lower  Green  San^ 

Sussex,  Martin;  Baculite  Limestone,  Noi 
mandy,  Desn, 

1 .  Gervillia  aviculoides,  Sow.  Lower  Green  Sand,  Sussex,  ManL 

Green  Sand,  Lyme  Regis,  De  la  B, ;  Quedim 
burg,  Holl;  Lower  Green  Sand?  Isle  of  Wighf; 
Se(^, 

2.  solenoides,  Defr,     Lower  Green  Sand,   Sussei^ 

ManL;  Baculite  Limestone,  Normandy,  Den,; 
Green  Sand,  Lyme  Regis,  De  la  B.;  Upptf 
Green  Sand,  Warminster,  Lons,;  MsLestnm, 
MarsOly,  Hoen.;  Upper  Green  Sand,  Aix  b 
Chapelle,  Dum, 

3.  acuta,  Sow,  Lower  Green  Sand,  Sussex,  Mant. 

1.  Crenatula  ventricosa?  Sow,    Green  Sand,  Bochum,  Hcsn. 

1.  Fimia  gracilis,  Phil,   Speeton  Clay,  Yorks.,  Phil, 

2.  tetragona,  Sow,    Upper  Green  Sand,  Devizes,  Geni^ 

3.  afRnis,         .   Chalk,  Dou^,  near  Saumur,  Hom, 

*  According  to  M.  Deshayes,  Inoeeramut  (Catillut)  Lamardm  ^ 
I.  Brongniarti  are  the  same  shells. 
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4.  Pinna  flabeUum,        .    Chalk,  Bochum,  Hcen, 

5. nobilis,        •    Chalk,  Bochum,  Hoen, 

6. restituta,        .    Chalk,  Valkenburg,  Hoen. 

7, subquadrivalvis,        .    Cotentin ;  Saumur,  ^a?n. 

i.  Mjrtilus  liuiceolatus,  Sow,  Lower  Green  Sand,  Sussex,  Mant, ; 
Green  Sand,  Blackdown,  Sow, 

2,  lasvis,  Defr,     Chalk,  Bougival,  Al,  Brong, 

8,  — —  edentulus,  Sow,    Green  Sand,  Blackdown,  Sow, 
4.  problematicus,        .    Green  Sand,  Bochum,  Hoen. 

1.  Modiola  sequalis, /S'ok;.    Lower  Green  Sand,  Sussex,  il/an^. 

2.  bipartita,  Sow,    Lower  Green  Sand,  Sussex,  Mant. ; 

Env.  of  Pont  St.  Esprit,  Dufr, 
1.  Pachymya  Gigas,  Sow,  Lower  Chalk,  L3rme  Regis,  De  la  B, 

1.  Chama  Comu  Arietis,  NUs,  Kjuge;  Morby,  Sweden,  NiU. 

2.  • —  laciniata,  iVtilff.     Kjuge;  Balsberg;  Morby,  Sweden, 

Nils, 

3.  . recurvata.  Chalk,  Dou6,  Hoen. 

,  species  not  determined.     Chalk,  Sussex,  Mant. 

1.  Trigonia  Daedalea,  Park,  Lower  Green  Sand,  Sussex,  ilfan^. ; 
Green  Sand,  Haldon?  Baker;  Lower  Green  Sand, 
Isle  of  Wight,  Sedg. ;  En  v.  of  Pont  St.  Esprit,  Dufr. 

2. aliformis.  Sow.    Lower  Green  Sand,  Sussex,  Mant. ; 

Blackdown,  De  la  B. ;  Upper  Green  Sand?  Edding- 
ton,  Lons. ;  Lower  Green  Sand,  Isle  of  Wight, 
Sedg. ;  Altenberg,  Hoen. ;  Gourdon,  Dufr. 

3.  spinosa.  Sow.    Lower  Green  Sand,  Sussex,  Martin ; 

Green  Sand,  Blackdown,  Steinhauer, 

4.  — ■ rugosa.  Lam,     Green  Sand,  Perte  du  Rhone,  Al. 

Brong. 

5.  scabra.  Lam.     Green  Sand,  Perte  du  Rhone,  Al. 

Brong.;  Baculite  Limestone?  Normandy,  Desn. 

6.  pumila.  Nils.    Kopinge,  Scania,  Nils, 

7.  ■  eccentrica,  Sow.  Green  Sand,  "^BcVdo^n,  Steinhauer. 

8. nodosa,  Sow.    Lower  Green  Sand,  Hythe,  Kent,  Sow. 

9.  ■     spectabilis,  Sow,  Green  Sand,  Blackdown,  GoodhaU. 

10. arcuata,  Lam.    Aix  la  Chapelle,  Hoen. 

11. alata,         .    Env.  of  Pont  St.  Esprit;  Pic  de  Buga- 

rach,  Pyrenees,  Dufr. 
,  species  not  determined.    Lower  Green  Sand,  Wilt- 
shire, Lons. 

^'  Nucula  pectinata,  Mant.    Ganlt,  Sussex,  Mant. 

2. ovata,  Mant.    Gault,  Sussex,  Mant.\  Speeton  Clay, 

Yorkshire,  PhU. 

3. impressa.  Sow.    Lower  Green  Sand,  Sussex,  Mant. ; 

Green  Sand,  Blackdown,  Sow. 

^' Bubrecurva,  Phil.    Speeton  Clay,  Yorkshire,  Phil. 

*^«  —  ovata,  Nils.    Kopinge;  Kaseberga,  Scatu&)  N\U. 

^* tnmcata,  ^ik.    Kaseberga,  Scaiua,  Nils. 
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7.  Nucula  panda,  NiU.    Raseberga,  Scania,  Nile, 

8.  producta,  Nth,    Kaseberga,  Scania,  Nile, 

9.  antiquata,  Sow,     Green  Sand,  Blackdown,  Sow, 

10.  anemata,  Sow.    Green  Sand,  Blackdown,  Sow, 

1 1.  undulata.  Sow,    Gault,  Folkestone,  Sow. 

1.  Peetunculus  lens.  Nils,    Balsberg;  Ropinge,  Sweden,  Nils. 

2.  sublsevis,  Sow.     Green  Sand,  Blackdown,  Sow. 

3.  "  umbonatus.  Sow,     Green  Sand,  Blackdown,  Sow, 

1.  Area  carinata.  Sow,    Upper  Green  Sand,  Sussex,  Mant. 

2.  exaltata,  i^£/^.  Carlsbamn,  Sweden,  iVtZ«.;  Green  Sandf 

Aix  la  Cbapelle,  Horn, 

3.  rhombea,  Nits,    Balsberg,  Sweden,  NUs. 

4.  clathrata,         .   Chalk,  Angers ;  Saumur,  Hoen, 

5.  ovalis,  NiU,    Kopinge,  Scania,  Nils, 

6.  subacuta,        .    Maestricht,  Hoen. 

,  species  not  determined.     Chalk,  Gault,  Sussex,  Mant 

1.  Cucullsea  decussata.  Sow,  Lower  Green  Sand,  Sussex,  Mant.^ 

Chalk,  Rouen,  Al.  Brong, 

2.  glabra,  Sow.  Green  Sand,  Blackdown,  Sow.;  Uppei 

Green  Sand,  Warminster,  Lons. 

3.  carinata.  Sow.    Green  Sand,  Blackdown,  Sow, 

4.  '  fibrosa.  Sow.    Green  Sand,  Blackdown,  HiU. 

5.  costellata.  Sow,     Green  Sand,  Blackdown,  Sow, 

6.  auriculifera,        .    Chalk,  Beauvais,  Hoen, 

7.  crassatina,        .    Chalk,  Beauvais,  Hoen. 

,  species  not  determined.     Chalk,  Sussex,  Mant, 

Speeton  Clay,  Yorkshire,  Phil.;  Gourdon,  Dvfir, 

1.  Cardita  Esmarkii,  Nils,    Kopinge,  Scania,  Nils, 

2.  Modiolus,  Nils.    Kaseberga,  Scania,  Nils. 

3.  tuberculata.  Sow,    Upper  Green  Sand,  Devizes,  Gen  - 

4.  crassa,        .   Chalk,  i)ou6,  Hoen, 

,  species  not  determined.    Upper  Green  Sand,  Sussev 

Mant, 

1 .  Cardium  decussatum,  Sow,    Chalk,  Sussex,  Mant, 

2.  Hillanum,  Sow,      Green  Sand,   Blackdown,  Hil^ 

Env.  of  Pont  St.  Esprit ;  Gourdon,  Dufr. 

3.  proboscideum,  Sow,     Green  Sand,  Blackdown,  Hil^ 

4.  DuUatum,  Lam,    Aix  la  Cbapelle,  Hcen, 

Venericardia,  species  not  determined.  Chalk,  Sussex,  Man^ 

I,  Astarte  striata.  Sow,     Green  Sand,  Blackdown,  Sow,;  Upp^ 
Green  Sand,  Devizes,  Lons, 

,  species  not  determined.      Chalk,  Sussex,  Mant^ 

Lower  Green  Sand,  Wilts,  Lons, 
1.  Thetis  minor,  Sow,      Lower  Green  Sand,  Sussex,  Mant^ 
Green  Sand,  Lyme  Regis,  De  la  B, 

2.  major.  Sow.    Upper  Green  Sand,  Devizes,  Geni;  Gree*^ 

Sand,  BlacVdown,  HUX. 
i.   Venus  Ringmeriensis,  Mant.    OmSl,  %vMtt«s^  ManA, 
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2.  Vfliiiis  panra,  Sow.  Lower  Green  Sand,  Sussex,  Mant ;  Green 
Sand,  Lyme  Regis,  De  la  B.;  Green  Sand,  Isle  of 
Wight,  Sow. 

3. angulata.  Sow.     Lower  Green  Sand,  Sussex,  Mant.; 

Green  Sand,  Blackdown,  Hill. 
4.       ■■  Faba,  Sow.    Lower  Green  Sand,  Sussex,  Mant. ;  Green 
Sand,  Blackdown ;  Green  Sand,  Isle  of  Wight,  Sow. 

5. ovalis,  Sow.    Lower  Green  Sand,  Sussex,  Mant. 

6. lineolata.  Sow.    Green  Sand,  Blackdown,  Hill;  Green 

Sand,  Bochum,  Horn. 
7w  — —  plana.  Sow.     Green  Sand,  Blackdown,  HiU, 

8. caperata,  Sow.    Green  Sand,  Lyme  Regis,  Dt  la  B.; 

Green  Sand,  Blackdown,  HUl. 

9. ?  exerta,  NUs.    Kopinge,  Nils. 

1.  Lucina  sculpta,  Phil.    Speeton  Clay,  Yorkshire,  PhiL 

1.  Tellina  sequalis,  Mant.;  Lower  Green  Sand,  Sussex,  Mant. 

2. insequalis.  Sow.    Lower  Green  Sand,  Sussex,  Mant. ; 

Green  Sand,  Blackdown,  Sow. 
3.        ■      striatula,  Sow.    Green  Sand,  Blackdown,  Sow. 

,  species  not  determined.      Speeton  Clay,  Yorkshire, 

PhU. 
1.  Coxhula  striatula.  Sow.    Lower  Green  Sand,  Sussex,  Mant. 

2. Punctum,  Phil.    Speeton  Clay,  Yorkshire,  Phil. 

3.        ■      eigantea.  Sow.     Green  Sand,  Blackdown,  Hill. 

4. uevigata,  Sow.    Green  Sand,  Blackdown,  Hill, 

5. anatma,  Desh.    Green  Sand,  Schonen,  Horn. 

6. ovalis,  NHS.    Kopinge,  Nils. 

7. caudata.  Nils.    Kopinge,  Nils. 

1.  Crassitella  latissima,        .    Maestricht,  Hem. 

2. tumida,        .     Coustouge,  Dujr, 

L  Lutraria  Gurgitis,  Jl.  Brong. ;  Green  Sand,  Ferte  du  Rhone 
Al.  Brong.;  Kopinge,  Morhy,  Sweden,  NiU. 

2. ?  carinifera.  Sow.     Chalk,  Lyme  Regis,  De  la  B* 

——,  species  not  determined.     Speeton  Clay?   Yorkshire, 
PhiL 
1.  PanopsBa  plicata,  Sow.  Green  Sand,  Osterfeld,  Hoen. ;  (var.f) 
Lower  Green  Sand,  Sussex,  Mant. ;  Coustouge,  Dufr. 
1*  Mya  mandibula,  Sow.     Lower  Green  Sand,  Sussex,  Martin; 
Gault,  Isle  of  Wight,  Fitton;  Gourdon,  Dt^. 

^ depressa.  Sow.    Speeton  Clay,  Yorkshire^  PhiL 

'•  ■ phaseolina,  PhU.    Speeton  Clay,  Yorkshire,,  PhU. 

^ plana.  Sow.    Green  Sand,  Osterfeld,  Hoen. 

?  Chalk,  near  Calne,  Lons. 

Teredo,  species  not  determined.     Maestricht,  Hosn. 
1*  Pholas?  constricta,  PhU.    Speeton  Clay,  Yorkshire,.  PAi/^ 
1*  Teredina  personata.  Lam.    Chalk,  Sussex,  ManU 
1.  Fifltiilana  pyriformis,  Mant.    GauLt^  Sussex,  MawU 
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1.  Dentalium  striatum,  Sow,    Gault,  Sussex,  Mant, 

2.  '  ellipticum,  Sow,    Gault,  Sussex,  Mant, 

3.  decussatum,  Sow,    Gault,  Sussex,  Mant, 

4. fissura,  Lam,    Green  Sand,  Schonen,  Hcen, 

5,  nitens,        .    Maestricht,  Horn, 

,  species  not  determined.     Lower  Green  Sand 

Sussex,  Mant, 
1.  Patella  ovalis.  Nils,    Balsberg,  Scania,  Nth, 

f  species  not  determined.  Lower  Green  Sand,  Sussex, 

Mant,;  Lower  Green  Sand,  Wiltshire,  Lons, 
Pileopsis,  species  not  determined.  Lower  Green  Sand,  Sussex 
Mant, 
1.  Helix  Gentii,  Sow,    Upper  Green  Sand,  Devizes,  Gent, 

1.  Auricula  incrassata,  iS'oec;.  Chalk,  Sussex,  Afan^.;  Green  Sand 

Blackdown,  Hill, 

2.  obsoleta,  Phil,    Speeton  Clay,  Yorkshire,  PhU, 

t  3.  turgida.  Sow,     Green  Sand,  Schonen,  Hcen, 

Melania,  species  not  determined.    Speeton  Clay?  Yorkshire 
Phil, 
1.  Paludina  extensa,  Sow,    Green  Sand,  Blackdown,  Hill. 

1.  Ampullaria  canaliculata.     Gault,  Sussex,  Mant, 

2.  spirata,        .     Maestricht.  Hcen, 

,  species  not  determined.    Green  Sand,  M.  de  Fif 

Al,  Brong, 
1.  Nerita  rugosa,         .     Maestricht,  Horn, 
1.  Natica  canrena.  Park,    Lower  Green  Sand,  Sussex,  Mant. 

2. spirata,         .   Ghreen  Sand,  Aix  la  Chapelle,  Hcen, 

,  species  not  determined.  Gault,  Sussex, Mant,;  Lowe 

Green  Sand,  Wiltshire,  Lons,;  Env.  of  Pont  Si 
Esprit,  Dufr, 

1.  Vermetus  polygonalis.  Sow.  Lower  Green  Sand,  Hythe,  Keni 

Lord  Greenock, 

2.  lunbonatus,  Mant,    Chalk,  Sussex,  Mant, 

3.  Sowerbii,  Mant,    Chalk,  Sussex,  3f an/.;  Speeton 

Clay,  Yorkshire,  Phil, 

4.  . concavus.  Sow,  Lower  Green  Sand,  Sussex,  Mant' 

Upper  Green  Sand,  Wilts,  Lons, 

,  species  not  determined.    Lower  Green  Sand,  Isl 

of  Wight,  Sedg, 
1.  Sigaretus  concavus,         .    Bochum,  Horn, 

Delphinula,  species  not  determined.  Speeton  Clay,  Yorkshire 
PhU, 
1.  Solarium  tabulatum  ?  PAi/.     Speeton  Clay,  Yorkshire,  Phil* 

1.  Cirrus  depressus,  Mant,    Chalk,  Sussex,  Mant, 

2.  perspectivusy  Mant,    Chalky  Sussex,  Mant, 
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3.  Cirrus  granulatus,  Mant,     Chalk,  Sussex,  Mant, 

4. plicatus,  iSott;.     Gault,  Sussex,  Mant. 

Fleurotomaria,  species  not  determined.     Maestricht,  Horn.; 

Gourdon ;  Bourg  St.  Andr^ol,  Dufr, 
I.  Trochus  Basteroti,   AL  Brong,    Chalk,  Sussex,  Mant, ;  K(>- 
pinge,  Scania,  Nils. 

2. linearis,  Mant,    Chalk,  Sussex,  Mant, 

f3, agglutinans,  Lam,     Chalk?  Sussex,  Mant.;    Green 

Sand,  Aix-la-Chapelle,  Hcen. 

4. Rhodani,  Al.  Brong.      Upper  Green  Sand,  Sussex, 

Mant. ;  Green  Sand,  Perte  du  Rhone,  Al,  Brong, ; 
Lower  Chalk,  Lyme  Regis,  De  la  B. ;  Green  Sand, 
Essen ;  Green  Sand,  Osterfeld,  Hcen, 

5. hicarinatus.  Sow,  Upper  Green  Sand?  Sussex,  Mant, 

6. reticulatus.  Sow,     Speeton  Clay?  Yorkshire,  Pkil. 

7. Gurgitis,  Al,  Brong,     Green  Sand,  Perte  du  Rhone, 

Al,  Brong. ;  Green  Sand,  Bochum,  Hcen. 

8. ?  Cirroides,  Al.  Brong.   Green  Sand,  Perte  du  Rhone, 

Al.  Brong. 

9. Isevis,  Nils.     Kopinge,  Scania,  Nils. 

10. onustus.  Nils,     Kopinge,  Scania,  Nils, 

*— ,  species  not  determined.      Green  Sand,  M.  de  Fis, 

Al,  Brong, 
1.  Turbo  pulcherrimus.  Bean,    Speeton  Clay,  Yorkshire,  Phil, 

2. sulcatus,  NUs,    Chalk,  Kopinge,  Scania,  Nils, 

3. moniliferus,  Sow,     Green  Sand,  Blackdown,  Sow, 

4. carinatus,  Sow.     Green  Sand,  Coesfeld,  Hcen. 

1.  Turritella  terebra,  Broc,    Green  Sand,  Weddersleben,  Hoen, 
2. ; duplicata,         .  Maestricht,  Hoen, 

' ,  species  not  determined.    Speeton  Clay?  Yorkshire, 

PhU, 
1<  Cerithium  excavatum,  Al,  Brong,     Green  Sand,  Perte  do 

Rhone,  Al,  Brong.;   Green  Sand,  Aix-la-Cha- 
pelle, Hoen, 

• ,  species  not  determined.     Green  Sand,  M.  de  Fis, 

AL  Brong, 
!•  Pyrula  planulata,  NUs,    Chalk,  Kopinge,  Scania,  Nils, 

2. minima.  Ham,    Green  Sand,  Aix-la-Chapelle,  Hoen, 

!•  Fusus  quadratus.  Sow,     Green  Sand,  Blackdown,  Saw, 
1-  Murex  Calcar,  Sow.    Green  Sand,  backdown,  Sow. 
!•  Pterocera  maxima,  Hoen.    Martlgues,  Hoen, 
1*  Rbstellaria  Parkinsoni,  Mant.     Chalk,  Lower  Green  Sand, 

Sussex,  Mant,;  Green  Sand,  Bochum;  Coesfeld, 
Hoen. 

2. carinata,  Mant.    Gault,  Sussex,  Mant. 

3.  -' fissura,  Lam,    Green  Sand,  Aix-la-Chapelle,  Hoen. 
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4.  Rostellaria  calcarata,  Sow.  Lower  Green  Sand,  Sussex,  h 

Green  Sand,  Blackdown,  Sow. 

5.  ,  composita,  Sow.     Speeton  Clay,  Yorkshire,  J 

6.  —1..-^  anseriha.  Nils.    Chalk,  Kopinge,  Scania,  N% 
y  species  not  determined.    Lower  Green  San< 

of  Wight,  Sedg. 
1.  Strombus  papilionatus,       .    Chalk,  Maestricht,  Aix-ls 

pelle,  Hasn. 
1.  Cassis  avellana,  Al.  Brong.    Chalk,  Sussex,  Mant.;  ( 

Rouen  ;  M.  de  Fis,  Al.  Brong. 
1.  Dolium  nodosum.  Sow.    Chalk,  Sussex,  Mant, 

Ebuma,  species  not   determined.     Green  Sand,  Per 
Rhone,  Al.  Brong. ;  Chalk  ?  Sussex,  Mant, 

1.  Voluta  ambigua.  Sow.    Chalk,  Sussex,  Mant, 

2.  Lamberti,  Sow.    Maestricht,  Hcen. 

1.  Nummulites  lenticulina*,  .     Maestricht;  Green 

Aix-la-Chapelle,  Hoen. 

2.  ►  Faujasiif ,        .     Maestricht,  Hoen. 

,  species  not  determined.     Green  Sand,  A 

Savoy,  Dauphihy,  and  Provence,  Beaum. 
ritime  Alps,  De  la  B. ;  Chalk,  Wein 
Saxony,  Klipstein  ;  Cretaceous  rocks.  So 
France ;  Pyrenees,  Dufr. 

1.  Lenticulites  Comptoni,  Sow.    Green  Sand,  Scania,  Nil 

2.  cristella,  Nils.  Chalk,  Charlottenlund,  Sweden 

1.  LituoUtes  nautiloidea,  Lam.     Chalk,  Paris,  Al.  Brong. 

2. difS)rmis,  Lam.     Chalk,  Paris,  Al.  Brong. 

MilioHtes,         .     S.  of  France ;  PjTenees,  Dufr. 

1.  Planularia  elliptica,  Nils.    Charlottenlund,  Sweden,  JV; 

2.  angusta.  Nils.    Kopinge,  Scania,  Nils, 

1.  Nodosaria  sulcata,  Nils.   Chalk  and  Green  Sand,  Scania 

2.  laevigata,  Nils.     Green  Sand,  Scania,  Nils. 

4.  Belemnites  mucronatus,  Schlot.  Chalk,  Sussex,  Mant.;  ( 

Yorkshire,  Phil. ;  Green  Sand,  Sweden, . 
Chalk,  Meudon,  &c.,  Al.  Brong.;  Bt 
limestone,  Normandy,  Desn.;  Chalk,  L 
Poland,  Pusch;  Maestricht,  Aix-la-CIu 
Schlot. 

2.  __  granulatus,  Defr.    Chalk,  Sussex,  Mant. 

3.  .  lanceolatus,  Schlot.    Chalk,  Sussex,  Mant. ;  i 

linburg,  HoU. 

4.  minimus,  Zis^^r.  Gault,  Sussex,  Jtfan^. ;  Red  C 

Yorkshire,  Phil. 

5.  attenuatus.  Sow.    Gault,  Sussex,  Mant. 

*  Lycophris  lefiticularis,  Bast  f  Lycophris  Faujasi 
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6.  Bdemnites  mamillatus,  Nils,     Chalk,  Scania,  Nilt. 

■ f  species  not  determined.   Speeton  Clay,  Yorkshire, 

PhU,  ;  Green  Sand,  Perte  du  Rhone,  AL  Brong, 
1.  Actinocamax  verus.  Miller,    Chalk)  Kent,  Miller, 

1.  Nautilus  elegans.  Sow,    Chalk,  Sussex,  Mant, ;  Chalk,  Rouen, 

Al,  Brong. 

2.  ■     expansus.  Sow,    Chalk,  Sussex,  Mant, 
3. insequalis.  Sow,    Gault,  Sussex,  Mant, 

4.  ■    ■  obscurus.  Nils,     Chalk,  Scania,  NiU, 

5.  — . —  simplex.  Sow,    Lyme  Regis,  De  la  B,     Rouen,  AL 

Brong, ;   Green  Sand  ?  Aix-la-Chapelle,  Hoen, 
6. aperturatus,        .     Chalk,  Maestricht,  Hoen, 

7. pseudo-pompilius  ?        •    Maestricht,  Hoen, 

8.  •     ■».    undulatus,    Sow,      Upper  Green    Sand,    Nutfield, 

Sow,  Green  Sand,  Griesenbruch,  near  Bochmn, 
Hoen, 
■  ,  species  not  determined.  Lower  Green  Sand,  Sussex, 
Martin;  Speeton  Clay,  Yorkshire,  PhU,;  Green 
Sand,  M.  de  Fis,  Al,  Brong, ;  Baculite  limestone, 
Normandy,  Desn, 
!•  Scaphites  striatus,  Mant,    Chalk,   Sussex,  Mant, ;   Chalk, 

Rouen ;  Mont  de  Fis,  Al,  Brong, 
2.        ■    ■    ■  costatus,  Mant,    Chalk,  Sussex,  Mant, ;    Chalky 
Rouen,  Al.  Brong, 
,  species  not  determined.    Baculite  limestone,  Nor- 
mandy, Desn. ;  Kopinge,  Nils, 
!•  Ammonites  varians.  Sow.     Chalk,  Sussex,   Mant, ;  Chalk, 

Rouen  ;  M.  de  Fis,  Al,  Brong, ;  Baculite  lime- 
stone, Normandy,  Desn, ;  Chalk  and  Upper 
Green  Sand,  Wiltshire,  Lons, ;  Green  Sand, 
Bochum,  Hcen, 
2«  -  Woollgari,  Mant,     Chalk,  Sussex,  Mant, 

3»  • .  navicularis,  Mant,    Chalk,  Sussex,  Mant* 

^^  — catinus,  Mant,    Chalk,  Sussex,  Mant, 

^*  — ■  Lewesiensis,  Mant,    Chalk,  Sussex,  Mant, ;  Chalk, 

Essen,  Hoen, 
J*  "■"  peramplus,  Mant,    Chalk,  Sussex,  Mant, 

'  •  —  rusticus.  Sow,  Chalk,  Lyme  Regis,  Buckl, ;  Chalk, 

Sussex,  Mant, ;  Green  Sand,  Bochum,  Hoen, 
^  — -  undatus,  Sow,     Chalk,  Sussex,  Mant, 

^*  — -— ^  Mantelli,  Sow,     Chalk,  Sussex,  Mant, ;  Hanover, 
Holl;  Green  Sand,  Bochum;   Chalk,  Saumur, 
.  Hoen, 

^'  • — Rhotomagensis,  Al. Brong,  Chalk,  Sussex,  Mant,; 

Baculite  limestone,  Normandy,  Desn, ;  Rouen, 
J-  Al,  Brong, ;  Chslkf  WiliBf  Sow, 

' ciuctus,  Mant,  Chalk,  Sussex,  Mant. 
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12.  Ammonites  falcatus,  Mant.    Gialk,  Sussex^  Mani. ; 

Rouen,  AL  Brong. 

13. curvatus,  Mant,  Chalk,  Sussex,  Mant 

14. complanatus,  Mant,    Chalk,  Sussex,  Mant 

15.  rostratus,  Sow,  Chalk,  Sussex,  Mant, ;  Chs 

fordshire,  Buckl, 

16.  tetrammatus,  Sow,  Chalk,  Sussex,  Mant, 

17.  planulatus.  Sow,  Upper  Green  Saud,  Sussex 

18.  Catillus,  Sow,  Upper  Green  Sand,  Sussex, 

19.  — : splendens.  Sow.  Gault,  Sussex,  Mant, 

20.  auritus.  Sow,  Upper  Green  Sand,  Devizesj 

Gault,  Sussex,  Mant, 

21.  planus,  Mant,    Gault,  Sussex,  Mant, ; 

Clay?  Yorkshire,  Phil. 

22.  lautus,  Parh,   Gault,  Sussex,  Mant. 

23.  tuberculatus.  Sow,  Gault,  Sussex,  Mant, 

24.  — —  Goodhalli,  Sow,  Lower  Green  Sand,  Sussex 

Green  Sand,  Blackdown,  Goodhall;  Gre€ 
L3rme  Regis,  De  la  B, 

25.  Lamberti,  Sow,   Speeton  Clay  ?  Yorkshire, 

26.  venustus,  PhU,   Speeton  Clay,  Yorkshire, . 

27.  concinnus,  Phil,   Speeton  Clay,  Yorkshire, 

28.  Rotula,  Sow,  Speeton  Clay,  Yorkshire,  Ph 

29.  trisulcosus,  Phil,  Speeton  Clay,  Yorkshirej 

30.  niarginatus,  PhiL  Speeton  Clay,  Yorkshire 

31.  parvus.  Sow,   Speeton  Clay  ?  Yorkshire,  Pi 

32.  hystrix,  PhU,   Speeton  Clay,  Yorkshire,  Pi 

33.  fissicostatus,  Phil,   Speeton  Clay,  Yorkshir 

34.  curvinodus,  Phil,   Speeton  Clay,  Yorkshire 

35.  inflatus.  Sow,    Green  Sand,  I.  of  Wight,  . 

Green  Sand,  Perte  du  Rhone;  Rouen; 

M.  de  Fis,    Al,  Brong.;   Upper  Greei 

Wilts,  Zon«. 
36. Deluci,  Al.  Brong.  Green  Sand,  Perte  du 

M.  de  Fis,  Al.  Brong, 
37. suhcristatus,  De  Luc,  Green  Sand,  Perte  du 

Al,  Brong, 

38.  Beudanti,  Al,  Brong.  Green  Sand,  Perte  du 

M.  de  Fis,  Al.  Brong. 

39.  clavatus,  De  Luc.   Green  Sand,  M.  de  I 

Brong, 

40.  Selliguinus,  Al.  Brong.     Green  Sand,  M. 

Al.  Brong.;  Chalk,   Lublin,    Poland, 
Chalk,  Essen,  Hoen. ;  Gault,  Snssex,  M 

41.  ^— —  Gentoni,  Defr,     Baculite  Limestone,  Nor 

Desn,;  Gault,  Sussex,  Mant.;  Chalk,  Roi 
Brong, 
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42.  Ammonites  constrictus,  Sow,  BacuUte  Limestone,  Normandy, 
Desn. ;  Chalk,  Lublin,  Poland,  Pusch. 

43.  -_^—  Stobaei,  NtU.   Chalk,  Scania,  Nils, 

44. varicosus,  Sow,   Green  Sand,  Blackdown,  Sow, 

45. Hippocastanum,  Sow,    Chalk  with  quartz  grains, 

Lyme  Regis,  De  la  B, 

46. Benettianus,  Sow,   Gault,  Warminster,  Lons, 

47. denarius,  Sow,  Green  Sand,  Blackdown,  Goodhall, 

48.  — —  Nutfieldiensis,  Sow.  Chalk,  near  Calne,  Lons, 

49. Buchii,  Horn,  Green  Sand,  Aix-la-Chapelle,  Horn, 

50. omatus,        .     Green  Sand,  Paderbom,  Hcen, 

1.  Turrilites  costatus.  Sow,  Chalk,  Sussex,  Mant, ;  Chalk,  Rouen ; 
H&vre,  AL  Brong. ;  Chalk,  near  Calne,  Lons, 

2. undulatus.  Sow,  Chalk,  Sussex,  Mant. 

3. tuberculatus.  Sow,   Chalk,  Sussex,  Mant. 

4.  '  Bergeri,  Al,  Brong, ;  Green  Sand,  Perte  du  Rhone ; 
M.  de  Fis,  Al.  Brong, 

5.  — — —  ?  Babeli,  Al.  Brong.  Green  Sand,  M.  de  Fis,  Al. 
Brong, 

f  species  not  determined.    Green  Sand,  Maritime 

Alps,  Risso, 
1.  Baculites  Faujasii,  Lam,  Chalk,  Sussex,  Mant, ;  Chalk,  Nor- 
folk, Rose;  Maestricht,  Desm,;  Chalk,  Sweden, 
4  Nils, ;  Bochum,  Aix-la-Chapelle,  Hoen, 

p^j     2.  •  obliquatus,  Sow,  Chalk,  Sussex,  Mant, ;  Scania,  Nils, 

3.  — vertebralis,  Defr,  Chalk,  Maestricht,  Fauj.  de  St, 

Fond;  Baculite  Limestone,  Normandy,  Desm, 

4. anceps,  Lam,   Chalk,  Scania,  Nils, 

\      5. triangularis,  Desm,  Maestricht,  Desm. 

1.  Hamites  armatus,  Sow.    Chalk,  Sussex,  Mant, ;  Chalk,  Ox- 
f.  fordshire,  Buckl. 

J      2.  -  plicatilis,  Mant,    Chalk,  Sussex,  Mant,    Speeton 

Clay?  Yorkshire,  PM. 

f      3.  • altematus,  Mant,   Chalk,  Sussex,  Mant, ;  Speeton 

;  Clay,  Yorkshire,  Phil, 

^*  • ellipticus,  Mant,    Chalk,  Sussex,  Mant,;  Baculite 

Limestone?  Normandy,  Desn. 

^'  — attenuatus.  Sow,     Chalk,  Gault,  Sussex,   Mant, ; 

Speeton  Clay,  Yorkshire,  Phil. 

^' maximus,  Sow.    Gault,  Sussex,  Mant. ;  Speeton 

Clay,  Yorkshire,  Phil. 

'  •  "— intermedins.  Sow.  Gault,  Sussex,  Mant, ;  Speeton 

Clay,  Yorkshire,  Phil. ;  Green  Sand,  Aix-la-Cha- 
pelle, Hoen, 

J*  ■ tenuis.  Sow,   Gault,  Sussex,  Mant, 

^*  *-"- rotundus.  Sow,    Gault,  Sussex,  Mant,;  Speeton 

Clay,  Yorkshire,  PhU.;  Green  Sand,  Perte  du 
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Rhone,  Al,  Brong, ;  Green  Sand,  Aix-la-Chapelle 
HcBn. 

10.  Hamites  compressus,  Sow.    Gault,  Sussex,  Mant, ;    Greet 

Sand,  Nice,  Risso, 

11.  raricostatus,  Phil,    Speeton  Clay,  Yorkshire,  PWi 

12.  Beanii,  Y,  8f  B,    Speeton  Clay,  Yorkshire,  PM 

13.  Phillipsii,  Bean,  Speeton  Clay,  Yorkshire,  PMl. 

14.  funatus,  AL  Brong.   Green  Sand,  Perte  du  Rhone 

M.  de  Fis,  Al,  Brong, 

15.  ___  canteriatus,  Al,  Brong.    Green   Sand,   Perte  d( 

Rhone,  Al.  Brong, 

16.  virgulatus,  Al,  Brong.    Green  Sand,  M.  de  Fis 

Al,  Brong. 

17. cylindricus,  Defr,  Baculite  Limestone,  Normandy 

Dem. 

18.  spinulosus.  Sow.    Green  Sand,  Blackdown,  Millet 

19.  grandis.  Sow.    Lower  Green  Sand,  Kent,  Buckl 

20.  Gigas,  Sow,    Lower  Green  Sand,    Hythe,  Kent 

G,  E,  Smith. 

21.  —  spiniger,  Sow.    Gault,  Folkestone,  Gihbs, 

Crustacea. 

1.  Astacus  Leachii,  Mant.    Chalk,  Sussex,  Mant. 

2.  Sussexiensis,  Mant.   Chalk,  Sussex,  Mant. 

3.  omatus,  PhU,   Speeton  Clay,  Yorkshire,  Phil. 

4.  longimanus.  Sow.  Green  Sand,  Lyme  Regis,  De  la  B 

,  species  not  determined.   Gault,  Sussex,  Mant, 

1.  Pagurus  Faujasii,  Desm.  Chalk?  Sussex,  Mant.;  Maestrichl 
1.  Scyllarus  Mantelli,  Desm.   Chalk,  Sussex,  Mant. 

Eryon,  species  not  determined.    Chalk,  Sussex,  Mant. 

Arcania,  species  not  determined.    Gault,  Sussex,  Mant. 

Etyaea,  species  not  determined.    Gault,  Sussex,  Mant. 

Coryster,  species  not  determined.    Gault,  Sussex,  Mant. 

Pisces. 

1.  Squalus  Mustelus?  Chalk,  Sussex,  Mant, 

2.  Galeus?  Chalk,  Sussex,  Mant, 

1.  Muraena,  Lewesiensis,  Mant.   Chalk,  Sussex,  Mant. 
1.  Zeus  Lewesiensis,  Mant.  Chalk,  Sussex,  Mant, 
1.  Salmo?  Lewesiensis,  Mant.   Chalk,  Sussex,  Mant. 
1.  Esox  Lewesiensis,  Mant.   Chalk,  Sussex,  Mant. 
1.  Amia?  Lewesiensis,  Mant.  Chalk,  Sussex,  Mant. 

Fish,  genera  not  determined.   Speeton  Clay,  Yorkshire,  PAtl 

Chalk,  Paris,  Al.  Brong. ;  Chalk,  Lyme  Regis,  De  la  B. 

Upper  Green  Sand,  Wilts,  Lorn.    Gault,  Isle  of  Wighl 

FiUon;  Chalk,  Troyes,  Clement-Mullet. 
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Pish  teeih  and  palates:  common  in  England  and  France, 
var.  Authors;  Bochum ;  Aix-la-Chapelle,  &c.  Hoen. ;  Sca- 
nia, Nils, 

Reptilia. 

.  Mososaurus  Hoffinanni,  Maestricht,   FauJ,  de  St,  Fond ; 

Chalk,  Sussex,  Mant, 
.  Crocodile  of  Meudon,  Cuv.   Chalk,  Meudon,  Al.  Brong, 
Reptiles,  genera  not  determined.    Speeton  Clay,  Yorkshire, 
Phil. 

From  an  inspection  of  the  foregoing  list  it  would  appear,  that 
)  remains  of  mammalia  have  not  yet  been  detected  in  the  ere- 
«ous  group ;  while  reptiles,  one  of  them  of  Considerable  size,  the 
)S08aurus  Hoffmanni,  have  been  observed  in  Yorkshire,  Sussex, 
lestricht  and  Meudon.  Fish  have  been  observed  in  France,  and 
various  parts  of  Fngland.  Sharks'  tef  th  and  the  tritores  of 
le  fish  are  far  from  uncommon.  Crustacea  have  been  noticed 
Denmark,  Yorkshire,  Sussex,  the  Isle  of  Wight,  Dorsetshire, 
I  Maestricht  Among  the  pol3rpifers  the  most  abundant  would 
lear  to  be  difierent  species  of  the  genera  Spongia  and  Alcyonium 
ome  authors ; — ^genera,  many  species  of  which  have  been  classed 
Goldfuss  under  the  heads  of  AchUleum,  Manon,  Scyphia,  and 
igoSf  so  that  there  is  much  difficulty  in  presenting  a  list  which 
dd  give  the  difierent  species  under  any  one  arrangement. 
non  pulvtnariuf/if  and  M.  Peziza,  Goldf.,  are  found  at  Maes- 
ht,  and  at  Essen  in  Westphalia ;  Spongia  ramosa,  Mant,  is 
!Overed  in  the  chalk  of  Yorkshire,  Sussex,  and  Noirmoutier ; 
yonium  globosum,  Defr.,  at  Amiens,  Beauvais,  Meudon,  Tours, 
n,  and  in  the  baculite  limestone  of  Normandy;  Hallirhoa 
atOy  Lam.,  in  the  green  sand  of  Normandy,  and  the  upper 
m  sand  of  Wiltshire ;  Ceriopora  stellata,  Goldf.,  Maestricht 
Westphalia ;  Lunulites  cretacea,  Defr.,  at  Maestricht,  Tours, 
in  the  baculite  limestone  of  Normandy ;  Orhitulites  lenticu- 
,  Lam.,  in  Sussex,  and  at  the  Perte  du  Rhone.  According 
Toldfuss,  numerous  pol3rpifers  are  discovered  at  Maestricht ; 
dsting  of  AchiUeum,  2  species ;  Manon,  4 ;  Tragos,  1 ;  Gor- 
Uf  1;  NuUipora,  I ;  MiUepora,  2;  Eschar  a,  9;  Cellepora,  6; 
ipora,6\  Ceriopora,  13;  Fungia,  1 ;  Diploctenium,  2;  Mean- 
a,  1 ;  Astrea,  13  ;  to  which  should  be  added,  according  to 
Desnoyers,  Lunulites,  1.  Among  the  Radiaria,  the  ^pio- 
ites  ellipticus,  Miller,  is  found  m  the  chalk  of  Yorkshire, 
lex,  Normandy  and  Touraine;  the  Cidaris  variolaris,  A), 
ig.,  in  Sussex,  and  Normandy,  at  the  Perte  du  Rhone,  in 
itphalia,  and  Saxony ;  the  C.  granulosus,  Goldf.,  at  Maes- 
it,  Aix-la-Chapelle,  and  Westphalia;  the  Galerites  aJho- 
rus,  Lam.  (Fig.  40.),  in  Yorkshire,  Sussex,  Dorset,  Normandy, 
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Qnedlinburg,  Aix-Ia-Chapelle,  and  Poland ;  the  G.  m^pn 
Lam.,  in  Sussex  and  France,  at  Quedlinburg,  tmd  Aix-1*-Clu|ieUt 
tiie  Ananckytea  ovata,  in  Yorkshire,  Sussex,  Noimandf,  i 
Meudon  in  Westphalia  Poland  and  Sweden    the  Spalangta  Ca 


Fig  43 


F.E  44 


Fig  45  Fig  46 


Lam  (Fig  39)  in  '^□rkBhiie  Sussex,  Donettlun 
la  parts  of  France,  the  Savoy  Alps,  various  parts  of  Gerrmii! 
Poland,  and  Sweden  ;  Sp.  Bafo,  A),  Brong.,  Sussex,  NormiDdj 
MaesCricht,  and  Aix-la-Chapelle ;  the  Sp.  Cor-Uiladinariia*,  i 
Maestricbt  and  Quedhnhur^,  and  in  Westphalia.  Among  tli 
shells  the  most  widely  distributed  would  appear  to  be  Lulrari 
Gurffitii,  found  at  the  Perte  du  Rhone,  and  in  Sweden;  Jfjn 
maadibula,  Suaaex,  Isle  of  Wight,  and  in  the  South  of  Fraon 
Trigonia  ala^ormii,  Sussex,  Isle  of  Wight,  West  of  England,  Sontl 
of  France,  ^Itenberg;  Inaceramui  (or  Catillui)  Cuvieri  (t'ig.i 
and  42,),  discovered  in  the  chalk  of  Yorkshire,  Sussex,  Meudm 
the  South  of  France,  and  Sweden;  Inoceramtu  (or  CatiSu 
Sronifnuirti,  in  the  chalk  of  England,  Poland,  and  Sweden ;  /» 
concentricvt,  in  Sussex,  and  in  Wiltshire,  at  the  Perte  du  Rhoni 
and  in  the  Savoy  Alps  -,  /no.  ^Icaluf,  in  Sussex,  at  the  Perte  ii 
Rhone,  in  the  Savoy  Alps,  and  in  Sweden ;  Plagioitoma  jpiRMM 
(Pig.  43.),  in  the  chalk  of  Sussex,  Dorsetshire,  Normandy,  Men 
don,  the  South  of  France,  Saxony,  Poland,  and  Sweden ;  Geralit 
tolenoidel,  Maeetricht,  Sussex,  Wilts,  Dorset  and  Normaadf 
PecUn  quinqueciatatut  (Fig.  44.),  in  Sussex,  the  West  of  En 
gland,  Normandy,  at  Meudon,  the  Perte  du  Rhone,  Sweden,  && 
P.  quadrkoitatus  (Fig,  45.),  in  Sussex,  the  West  of  England,  Ha 
mandy,  at  MaestrichC,  and  in  the  Alps  of  Dauphin^;  P.  atpu 
Wilts,  Germany,  and  Poland;  Podopsu  truitcata  (Fig.  4& 
in  Normandy,  Dorset,  Tounine,  and  Sweden;    Ottrea  vetkf 
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lorw*  (Fig.  47.)t  in  Sussex,  Normandy  and  other  places  in  France, 
St  Maestricht,  and  in  Sweden ;  0.  carinata,  in  Germany,  Sussex 
Kormandy,  and  the  South  of  France;  Ostrea  serrata^  Sweden, 
Maestricht,  and  in  the  South  of  France ;  Gryph€ea  auricularis,  at 
F^rigueux,  South  of  France,  in  the  Alps  of  Dauphin6,  and  Poland; 
G.  Columba  (Fig.  48.),  Northamptonshire,  Normandy,  South  of 
France,  Maritime  Alps,  Germany,  and  Poland ;  G,  sinuaia,  York- 
Bhire,  Isle  of  Wight,  Dauphin^,  South  of  France,  and  the  Pyrenees; 
Terebratida  plicatUiSf  in  Sussex,  at  Meudon,  Moen,  South  of 
France,  and  the  Alps  of  Savoy  and  Dauphin^ ;  T,  subplioatUt  in 
Yorkshire,  Sussex,  Maestricht,  Normandy,  and  at  Tours  and 
Beiavais ;  T,  Defrancii,  in  Yorkshire,  Sussex,  at  Meudon,  Maes- 
tricht, and  in  Sweden ;  T.  ahta,  South  of  France,  at  Meudon  and 
in  Sweden ;  T,  octopUcata,  in  Normandy,  South  of  France,  Qued- 
linburg,  and  Sweden ;  T,  pectita,  in  Wiltshire,  Normandy,  and 
Sweden ;  T,  sendglohosa^  Sweden,  Moen,  Yorkshire,  Bochum ; 
Belemnites  mucronaius  (Fig. 49.),  in  Yorkshire,  Sussex,  Normandy 
and  other  parts  of  France,  Sweden,  and  Poland ;  Ammonites  va- 
rums,  in  Sussex,  Wiltshire,  Germany  and  the  Savoy  Alps ;  j4m, 
Motomaffensisy  in  Sussex,  Wiltshire,  and  Normandy;  Am.  Man- 
Mli,  Sussex,  Saumur,  Bochum,  and  Hanover ;  Am.  Selliguinus, 
Savoy,  Westphalia,  and  Poland ;  Am.  inflatusj  Wilts,  Normandy, 
and  the  Perte  du  Rhone ;  Bacculites  Faujasii  (Fig.  53.),  Sussex, 
Norfolk,  Maestricht,  Bochum,  Aix-la-ChapeUe,  and  Sweden; 
Bamites  rotundus  (Fig.  51.),  Yorkshire,  Sussex,  the  Perte  du 
filione,  and  Aix-la-Chapelle. 

Fig.  47.  Fig.  48.  Fig.  53.      Fig.  49. 
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Fig.  50.        Fig.  51.  Fig.  52. 

It  will  he  ohserved  that  this  list  is  far  from  large,  when  we  con- 
sider the  numher  of  species  enumerated  in  the  foregoing  catalogue, 
and  that,  perhaps,  some  of  those  considered  identical  may  be  va- 
rieties, if  not  djfierent  species.    No  doubt  when  we  reduce  our 

*  Gryphaa  globosa,  Sowerby. 
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view  to  smaller  distances  and  more  minute  divisions  of  the  etdbfr 
ceous  group,  other  species  than  those  ahove  enumerated  wiU  1m 
found  occurring  under  similar  circumstances  indifferent  ntuatkni; 
but  even  then,  certain  species  do  not  seem  to  be  so  constant  to 
particular  beds  as  has  been  supposed,  though  some  certainly  an 
found  over  considerable  distances  in  similar  parts  of  the  group. 

The  fossil  vegetables  discovered  in  the  cretaceous  group  are  ai 
yet  found  to  be  principally  marine,  and  much  of  the  fossil  woodii 
pierced  by  some  boring  shell,  as  if  it  had  long  been  drifted  about 
Hence  it  has  been  inferred,  ^at  there  has  been  but  a  slight  trana* 
port  of  vegetable  matter  into  the  waters  where  the  group  was  de- 
posited. Very  probably  this  generalization  is  somewhat  too  has^ 
out  certainly  vegetables  do  appear  to  be  very  scarce  in  the  duuk 
itself. 

It  will  have  been  observed,  that,  among  the  shells,  particular 
species  of  the  genera  ScaphiteSf  Bactdites,  TurriliteSf  and  Havutnl* 
nave  not  been  observed  in  many  distant  places.  The  student  must 
also  have  remarked  that  these  genera  were  not  found  in  any  liiii 
of  the  supracretaceous  group.  It  was  generally  considered  tint 
they  were  peculiar  to  the  cretaceous  rocks,  but  uiere  is  now  some 
reason  to  believe  that,  though  their  species  maybe  more  abundant 
in  this  series,  they  are  not  confined  to  it ;  for  it  will  be  seen  ii 
the  sequel  that  Hamites  and  Scdphites  are  considered  to  have  been 
found  in  the  oolitic  group.  Moreover,  a  Turrilite  has  been  men- 
tioned, though  with  doubt,  as  occurring  in  the  Coral  Rag  of  tbe 
North  of  France.  The  presence  therefore  of  these  genera  in  di- 
stant places  may  not  be  alone  sufficient  to  identify  the  rocks  con- 
taining them  with  the  cretaceous  group ;  yet  if  the  species  are  in 
any  abundance,  our  present  knowledge  would  lead  us  to  suspect 
that  such  deposits  might  be  contemporaneous  with  the  cretaceous 
series.  If  we  reason  from  the  analogy  of  the  existing  state  of 
things,  there  is  nothing  to  oppose  the  inference  that  the  same 
genera  may  equally  characterize  contemporaneous  deposits  in 
North  America  and  in  Europe ;  for  according  to  Dr.  Morton,  se- 
veral species  are  now  common  to  the  shores  of  Europe  and  the 
United  States. 

Dr.  Morton  considers  that  rocks  equivalent  to  the  cretaceous 
group  do  exist  somewhat  extensively  in  North  America.  He  has 
named  it  the  Ferruginous  Sand  Formation  of  the  United  States, 
and  describes  it  as  occupjdng  "  a  great  part  of  the  triangular 
peninsula  of  New  Jersey,  formed  by  the  Atlantic,  and  the  Delt- 
ware  and  Raritan  rivers,  and  extending  across  the  state  of  Dela* 

*  To  exhibit  the  forms  of  these  genera  the  following  species  have  been 
figured  in  the  preceding  page — Scaphites  obliquuSf  Sow.  (5c.  tiriahitt 
Mant),  Fig.  50;  Hamites  rofundus,  Fig.  51;  Turrilites  tubereulatnh 
Fig.  52  ;  and  Baculitet  Faujasii,  Fig.  53. 
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firom  near  Delaware  city  to  the  Chesapeak :  appearing  again 
Bfltr  Annapolis,  in  Maryland ;  at  Lynch 's  Creek,  in  South  Caro- 
lina; at  Cockspur  Island,  in  Georgia ;  and  several  places  in  Ala- 
buna,  Florida,  &c."  In  New  Jersey  there  is  a  very  extensive 
de?elopment  of  marl.  Taken  as  a  mass,  the  deposit  varies  con- 
ttderahly  in  its  mineralogical  character ;  most  frequently  presenting 
itielf  in  minute  friahle  grains,  with  a  dull  hlueish  or  greenish  colour, 
often  with  a  grey  tint  The  predominant  constituent  parts  of  this 
nail,  as  it  is  termed,  are  descrihed  as  silex  and  iron.  There  are 
nbordinate  beds  of  clay,  of  siliceous  gravel,  (the  pebbles  varying 
ID  size  from  coarse  sand  to  one  or  two  inches  in  diameter,)  ana 
calcareous  marl.  The  marl  is  sometimes  yellowish  brown  and 
iDed  with  green  specks  of  silicate  of  iron,  and  sometimes  contains 
a  considerable  quantity  of  mica.  The  following  is  a  list,  accord- 
iDf  to  Dr.  Morton,  of  the  organic  remains  found  in  this  deposit, 
and  described  by  Mr.  Say,  Dr.  Dekay,  and  himself*. 

Ammonites  Placenta^  Dekay;  A,  DetawarensU,  Morton ;  A.  Van- 
■ecMt,  Morton;  A.  Hippocrepis,  Dekay;  Bactdites  ovatus,  Say; 
Snphites  Cuvieri,  Morton;  Belemnitet  AmericanuSf  Morton, 
midant,  (allied  to  B,  mucronatus)  ;  B.  amhiguus,  Morton  ;  Tur- 
riteUa;  Scalaria  annvluta,  Morton ;  Rostellaria;  JSTatica ;  Bulla  t 
Trochus;  Cypraa  (cast)  ;  Terehratula  Harlani,  Morton;  T./ra- 
filitf  Morton;  T,  Sayi,  Morton;  Gryph<ea  convexa,  Morton; 
(7.  mutabUUf  Morton,  (some  varieties  of  this  species  closely  ap- 
proach Ostrea  vesicularis,  Lam.) ;  G,  Vomer,  Morton  ;  Exogyra 
eoitoto.  Say;  Ostrea  falcata,  lAorton ;  0,  CrUta-Galli;  Ostrea^ 
two  other  species ;  Anomia  Ephippium  ?  Lam. ;  Pecten  quinque-' 
tutatus,  Sow. ;  Pecten,  another  species ;  Plagiostoma;  Cardium; 
CwuUaa  vulgaris,  Morton;  CuculUeaf  another  species;  Mva; 
Trigonia  ?  Tellina ;  Amcula  ;  Pectunculus ;  Pinna,  resembling 
P,  tetragona.  Sow. ;  Fenus  ;  Vermetus  rotula,  Morton ;  Dentalium 
Serpula  ;  Spatangus  Cor-anguinum  ?  Park. ;  Sp.  Stella,  Morton ; 
Ananchytes  ductus,  Morton;  An,  fimhriatus,  Morton;  An.  ?  cru- 
c^er, Morton;  Cidaris?  Clypeaster,  Crustaceous  remains :  ^9i- 
wtphyUum  atlanticum,  Morton.  Eschara;  Flustra;  Retepora, 
resembling  R.  clathrata,  Goldf. ;  CaryophyUia ;  Alcyonium;  Al- 
^oUtes.  Teeth  and  vertebrae  of  the  shark.  Saurodon  Leanus, 
Say.  Remains  of  the  Crocodile  (frequent)  ;  of  the  Geosaurus; 
of  the  Mososaurus  (Sandy  Hook  and  Woodbury,  New  Jersey) ; 
of  the  Plesiosaurus  ;  of  a  Tortoise ;  and  of  some  gigantic  animal. 
Lignite  pierced  by  the  Teredo,  abundant. 

It  is  almost  impossible  not  to  be  struck,  in  the  foregoing  list, 
with  the  great  zoological  resemblance  of  this  ferruginous  sand  de- 

*  Say,  American  Journal  of  Science,  vol.  i.  and  ii. ;  Dekay,  Annals 
of  the  New  York  Lyceum ;  and  Morton,  Journg^  of  the  Acad,  of  Nat. 
Sciences  of  Philadelphia,  vol.  vi. ;  and  American  Jour,  of  Sci.  vol.  xvii. 
•ndxviii. 
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posit  with  the  cretaceous  rocks  of  Europe.  The  PeeUn  qtm 
quecostatus  is  a  well  known  and  widely  distrihuted  cretaeeoi 
fossil.  But  it  is  not  so  much  by  individual  parts  as  by  the  gener^ 
character  of  the  whole,  that  Dr.  Morton's  inference  seems  in 
great  measure  established.  How  far  the  cretaceous  group  ci  tf 
United  States  may  be  separated  beneath  and  above  from  othi 
deposits  more  or  less  contemporaneous  with  those  in  Europe,  n 
mains  an  interesting  problem,  which  it  is  hoped  that  Dr.  Morto 
and  other  American  geologists  will  endeavour  to  solve.  Vrai 
some  notices  scattered  through  the  memoirs  of  Dr.  Morton  an 
other  authors,  it  would  seem  far  from  improbable  that  the  creta 
ceous  rocks  may  pass  into  the  supracretaceous  group. 

Assuming  that  the  American  ferruginous  sand  formation  belong 
to  the  group  under  consideration,  of  which  there  seems  great  pro 
bability,  it  would  appear  that  the  great  white  carbonate  of  fim 
deposit,  or  chalk,  did  not  extend  there,  but  that  a  series  of  sandi^ 
marls,  clays,  and  gravels  constituted  the  whole  group.  How  fsi 
the  marls  or  clays  may  be  altogether  mechanical  is  perhaps  un- 
certain ;  but  the  gravel  would  seem  to  attest  the  former  presence 
of  water,  moving  with  some  velocity,  for  the  pebbles  even  attain 
one  or  two  inches  in  diameter. 

Wealden  Rocks. 

Stn.  Weald  Clay,  {Argile  Feldienne,  AI.  Brong.)  Hastings  Sandi, 
(Iron  Sand  /  Sable  Ferrugineux  /  Kurzawka  of  Poland.)  Pnrbedt 
Beds,  {Calcaire  Lumachelle  Purbeckien,  Al.  Brong.) 

These  rocks,  characterized  in  England  by  the  presence  of  abun- 
dant terrestrial  and  fresh-water  remains,  occur  beneath  the  lower 
green  sand  of  the  English  series,  llie  Weald  clay,  which  con- 
stitutes the  upper  part  of  the  rocks  under  consideration,  does  not 
present  a  clear  line  of  separation  from  the  marine  deposits  above 
it ;  the  lower  part  of  the  one  and  upper  portion  of  tne  other  st 
ternating,  according  to  Mr.  Mufchison*  and  Mr.  Martinf ,  in  tbt 
western  part  of  Sussex ; — an  important  fact,  as  it  shows  that  tb 
change  of  circumstances,  which  permitted  the  residence  of  nuurio 
animals  over  a  surface  previously  only  covered  by  fresh-wai' 
animals,  was  not  sudden  out  gradual  t* 

Weald  Clay, — According  to  Dr.  Fitton,  (to  whom  we  are  i^ 
debted  for  our  knowledge  of  the  nature  of  the  Wealden  rocks 
England,  which  were  previously  confounded  with  the  marine  ^ 
gillaceous  and  arenaceous  beds  beneath  the  chalk,)  this  clay 

*  Murchison,  Geol.  Trans.  2nd  series,  vol.  ii. 

f  Martin,  Geol.  Mem.  on  Western  Sussex,  1828. 

X  For  partictilar  descriptions  of  the  Wealden  rocks  of  Sussex,  a^ 
their  organic  contents,  the  reader  should  consult  the  various  works 
Mr.  Mantell : — Illustrations  of  the  Geology  of  Sussei ;  lUustrations 
Tilgate  Forest,  &c. 
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eomposed  in  the  Isle  of  Wight,  where  there  are  fine  sections  of  it, 
of  slaty  clay  and  limestone,  with  heds  of  iron  stone ;  the  laminae  of 
^  clay  frequently  coated  with  the  remains  of  Cyprisfaba,  Desm.* 
Mr.  Martin  defines  the  clay  of  the  Weald  of  Sussex  (whence  the 
mime)  as  '<  a  stiff  clay,  hrown  on  the  surface,  and  hlue  and  slaty 
beneath,  containing  concretional  iron-stone  f ."  It  appears  that 
^  iron-stone  was  once  worked,  and  slags  from  the  ancient  fur- 
naces are  found  in  different  situations.  The  thickness  of  the  clay 
is  estimated  at  150  or  200  feet  in  western  Sussex.  Beneath  this 
there  is  an  alternation  of  clays  and  sands,  including  the  lime- 
stones full  of  the  Paludina  vivipara,  and  known  as  the  Petworth 
marble. 

Hastings  Sands, — Mr.  Wehster,  descrihing  this  deposit  gene- 
rally, considers  that  in  the  upper  part  a  gray  calciferous  sand- 
stone ahounds ;  that  the  central  portion  principally  consists  ei  a 
soft  yellow  and  friahle  sandstone ;'  and  tne  lower  part  presents 
''beds  of  clay,  shale,  and  ferruginous  sandstone,  with  several 
layers  of  iron-stone,  and  nimierous  fragments  of  carhonized^rege- 
tablesl."  According  to  Dr.  Fitton,  the  equivalent  heds  in  the 
Me  of  Wight  are  composed  of  sands  and  sandstones,  ''  frequently 
ferruginous,  with  numerous  alternations  of  reddish  and  variegated 
sandy  clays,  and  concretions  of  calcareous  grit  §." 

There  are  certain  local  vmations,  which  will  he  found  descrihed 
in  the  works  treating  of  particular  districts.  The  Hastings  heds, 
bowever,  would  appear,  as  a  mass,  to  he  principally  arenaceous^ 
According  to  Mr.  Mantell,  the  lower  part  of  the  Hastings  de- 
posits (the  Ashhumham  heds)  are  composed  of  argillaceous  lime- 
stone alternating  with  schistose  marls,  which  are  prohahly  con- 
nected with  the  following. 

Purbeck  Beds, — ^These  are  composed  of  various  limestone  strata, 
alternating  with  marls,  many  of  the  former  heing  extensively  used 
for  the  pavement  of  London.  Mr.  Webster  observes,  that  at 
Warbarrow  Bay,  Lulworth  Cove,  and  other  places  on  the  coast  of 
Xbrsetshire,  the  upper  bed  of  the  Purbeck  strata,  supporting  the 
Hastings  Sands,  contains  a  large  proportion  of  green  earth,  the 
calcareous  matter  being  apparently  derived  from  the  fragments  of 
a  bivalve  shelL 

Organic  Remains  of  the  Wealden  Rocks  of  England, 

Plantje. 

Calamites,  sp.  not  determined.  Hastings  Sands,  Sussex,  Mant, 

•  Fitton,  Ann.  of  Phil.  1824. 
f  Martin,  GeoL  Mem.  Western  Sussex. 
X  Webster,  Geol.  Trans.  2nd  series,  voL  ii. 
§  Fitton,  Ann.  of  Phil.  1824. 
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1.  Sphenopteris  Mantelli,  Ad.  Brong,    Hastings  Sands,  SuMex, 

Mant, 
1.  Lonchopteris  Mantelli,  Ad»  Brong.    Hastings  Sands,  Sussex, 

Mant, 

Lycopodites  ? .    Hastings  Sands,  Sussex,  Maid. 

1.  Clathraria  Lyellii,  Mant.     Hastings  Sands,  Sussex,  Mant. 
1.  Carpolithus  Mantelli,  Ad.  Brong.    Hastings  Sands,  Sussex, 
Mant. 
Lignite,  and  undescribed  vegetables.    Hastings  Sands,  Sus- 
sex, Mant. 

CONCHIFERA  AND  MoLLUSCA. 

1.  Cardium  turgidum?  Sow.   WeaJd  Clay,  Isle  ofWight,  EiUm. 
f  species  not  determined.   Weald  Clay,  Swanage  Bay, 

Fttton. 

Pinna? .    Weald  Clay,  Swanage  Bay,  Fitton. 

Venus? .     Weald  Clay,  Swanage  Bay,  Fitton. 

Ostrea,  species  not  determined.     Weald  Clay,  Isle  of  Wight, 

Sedg. ;  Purbeck  Beds,  near  Weymouth,  Budd.  Sf 

De  la  B. 

1.  Cyclas  membranacea.  Sow.    Weald  Clay,  Hastings  Sands, 

Ashbumham  Beds,  Sussex,  ilfan/. ;  Weald  Clay?     ^ 
Swanage  Bay,  Fitton.  7. 

2.  media,  Sow.    Weald  Clay,  Hastings  Sands,  and  Ash- 

burnham  Beds,  Sussex,  Mant. ;  Weald  Clay,  Isle  of     . 
Wight,  Swanage  Bay;  Hastings  Sands,  Isle  of  Wight; 
Sussex,  Fitton. 

3.  cornea,  .      Hastings  Sands,  Ashbumham  Beds, 

Sussex,  Mant. 
.    ,  species  not  determined.    WeaJd  Clay,  Isle  of  Wight; 
Swanage  Bay,  Fitton. 

1.  Unio  porrectus,  Sow.     Hastings  Sands,  Sussex,  Mant. 

2.  compressus,  Sow.    Hastings  Sands,  Sussex,  Mant. 

3.  antiquus,  Sow.     Hastings  Sands,  Ashbumham  Beds, 

Sussex,  Mant. 

4.  aduncus,  Sow,     Hastings  Sands,  Sussex,  Mant. 

5.  cordiformis,  Sow.     Hastings  Sands,  Sussex,  Mant. 

Succinea?  Hastings  Sands,  Sussex,  Mant. 

1.  Paludina  vivipara.  Lam.    Weald  Clay,  Hastings  Sands,  and 

Ashbumham  Beds,  Sussex,  Mant.;  Purbeck  Beds, 
Purbeck,  Congb. 

2.  elongata,  Sow.    Weald  Clay,  Hastings  Sands,  and 

Ashbumham  Beds,  Sussex,  Mant. ;  Weald  Clay, 
Isle  of  Wight;  Swanage  Bay,  Fitton. 

3.  carinifera.  Sow.    Weald  Clay,  Sussex,  Mant. 

Potamides,  sp.  not  determined.    Weald  Clay,  Sussex,  Mant, 

1.  Melania  attenuata.        .    Weald  Clay,  Swanage  Bay,  Fitton. 
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2.  Melania  tricarinata,     .    Weald  Clay,  Isle  of  Wight;  Swanage 
Bay,  FiUon. 

Pisces. 

Lepisosteus .     Hastings  Sands,  Sussex,  Mant, 

Siltirus .    Hastings  Sands,  Sussex,  Mant, 

Remains  of  fish,  genera  not  determined.  Weald  Clay,  Ash- 
humham  Beds,  Sussex,  Mant. ;  Purbeck  Beds, 
Purbeck,  De  la  B, ;  Hastings  Sands,  Isle  of  Wight, 
Fitton. 

Crustacea. 

1.  Cypris  faba,  Desm,  Weald  Clay,  Isle  of  Wight ;  Swanage 
Bay,  &c.  Fitton;  Weald  Clay,  Hastings  San£, 
Sussex,  Mant, 

Reptilia. 

1.  Crocodilus  priscus,  Hastings  Sands,  Sussex,  Mant, 

,  species  not  stated.  Ashbumham  Beds,  Sussex, 
Mant, ;  Purbeck  Beds,  Purbeck,  Conyh, ;  Weald 
Clay,  Swanage  Bay,  Fitton, 

Leptorynchus < — .     Hastings  Sands,  Sussex,  Mant, 

Iguanodon .     Hastings  Sands,  Sussex,  Mant, 

Megalosaurus .  Hastings  Sands,  Ashbumham  Beds, 

Sussex,  Mant, 
Reptiles  of  the  genera  Trionyx,  Emys,  Chelonia,  Plesiosaurus, 

and  Pterodactylus?    Hastings  Sands,  Sussex,  Mant, 
Tortoise,  Purbeck  Beds,  Purbeck,  Conyh,  * 

From  the  above  lists  it  will  appear  that  this  deposit  of  lim.e- 
ttones,  sands,  and  clays,  was  formed  in  water  which  permitted  the 
existence  of  shells  analogous  to  those  which  now  live  in  fresh  water. 
Hie  only  shells  which  do  not  so  live,  and  are  not  of  questionable 
genera,  are  Oatrete  and  Cardiac  well  known  as  estuary  animals. 

It  would  appear  that  the  dirt  bed,  first  noticed  by  Mr.  Webster 
in  the  Isle  of  Portland,  and  which  has  since  been  observed  in  the 
vicinity  of  Weymouth  and  elsewhere,  commences  the  phaenomena 
vfaich  attest  dry  land,  succeeded  by  submersion  of  the  same  land 
^eath  fresh  or  estuary  waters,  in  which  the  whole  of  the  Wealden 
10^  of  south-eastern  England  were  formed ;  not  suddenly,  for 
there  are  no  conglomerates  to  mark  a  possible  state  of  violence ; 
hit  quietly,  the  shells  being  tranquilly  enveloped  by  the  calcareous, 
iigiuaceous,  or  arenaceous  matter  which  now  entombs  them.    It 

*  In  this  list,  the  sands,  sandstones,  and  clays,  grouped  by  Mr. 
Mantell  under  the  head  of  Tilgate  Beds,  are  given  as  Hastings  Sands, 
■Ithongh  this  arrangement  may  perhaps  dash  with  one  or  two  local 
divisions.    . 
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will  be  seen  that  the  oolitic  group,  immediately  precediiig 
state  of  things,  was,  judging  from  the  nature  of  the  organic 
mains,  formed  beneath  a  sea.  Therefore  we  must  suppose  a 
of  the  land,  or  depression  of  the  sea,  to  such  an  amount  as  to 
mit  the  sea-formed  rocks  to  become  dry  land,  upon  which  C 
deoidea  and  dicotyledonous  plants  of  a  tropical  nature  floark 
This  land  was  then  depr^sed;  but  so  tranquilly,  that  the  veget 
soil,  mixed  with  a  few  pebbles  of  the  subjacent  rock,  was 
washed  away ;  neither  were  the  trees  considerably  displaced, 
they  were  left  much  as  we  have  seen  other  trees  in  the  subma 
forests  which  surround  Great  Britain  in  various  places,  and  o 
on  the  coasts  of  France.  Like  them,  also,  the  trees  of  the  <2tri 
are  found,  some  prostrate,  others  inclined,  and  others  near] 
the  position  in  which  they  grew;  the  upright  portions  being  p 
included  in  the  limestone  strata  above.  The  only  differenc 
the  trees  in  the  dirt-bed,  and  those  in  the  submarine  forests,  w 
appear  to  consist  in  the  tropical  nature  of  those  in  the  dirt- 
and  the  near  approach,  if  not  the  indentity,  of  the  submt 
forest  vegetation  with  that  now  existing  in  Great  Britain 
France.  There  is,  therefore,  nothing  singular  in  the  gradua 
pression  of  the  land,  so  quietly  as  not  to  cause  the  removal  o; 
trees  and  other  vegetable  matter,  as  this  has  since  happene 
the  case  of  the  submarine  forests. 

Instead  of  the  depression  having  been  effected,  in  the  firs 
stance,  beneath  the  waters  of  the  sea,  circumstances  hav 
existed  that  it  took  place  beneath  fresh  water,  which  gradi 
acquired  sufficient  depth  to  permit  a  deposit  of  various  mil 
substances  several  hundred  feet  thick.  The  circumstances  att 
ing  this  deposit  have  not  been  constant.  At  first  calcareous  m 
was  thrown  down,  with  somewhat  regular  interruptions,  n 
introduced  a  sufiicient  quantity  of  argillaceous  matter  to  pro 
marl.  Although  fresh-water  and  terrestrial  animals  were 
imbedded,  there  would  also  appear  to  have  been  at  least  one 
when  the  water  near  Weymouth  and  in  the  Isle  of  Wight 
capable  of  supporting  the  life  of  oysters  and  cockles,  and  tl 
fore  at  least  brackish.  Afler  this  first  period,  sands  were  i 
mulated  in  great  abundance,  and  in  them  were  entombed  a  | 
variety  of  land  and  fresh-water  Tortoises,  Crocodiles,  Plesios 
Megaiosauri,  and  huge  Iguanodons  those 'monstrous  terrei 
reptiles  *.  These  must  have  sported  in  the  waters,  or  roamed  i 
the  banks  of  this  lake  or  estuary,  into  which  trees  and  diffi 
vegetables  were  drifted.  A  clay  deposit  crowns  this  succo 
of  rocks,  still  however  not  showing  any  other  than  a  fresh-i 
origin.    How  far  we  may  consider  the  change  of  the  relative '. 

*  For  descriptions  of  the  remains  of  this  creature,  consult  Mm 
Phil,  Tram.  1825,  and  Illustrations  of  Tilgate  Forest,  1827. 
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idea  to  have  produced  a  constant  depression  of  the  land,  is  un- 

ortiin ;  but  be  this  as  it  may,  the  sea  was  destined  again  to  cover 

fte  land  and  resume  its  empire,  for  above  the  last-noticed  clay 

RpoMs  the  whole  mass  of  the  cretaceous  rocks  of  south-eastern 

bg^nd,  of  marine  origin.     This  change,  like  that  which  pre- 

CHM  i^  was  not  sudden ;  there  are  no  marks  of  violence  between 

I  ie  Weald  clay  and  the  green  sand ;  on  tlie  contrary,  there  is  a 

JMngeof  one  into  the  other,  an  alternation  of  the  two  at  their 

"*  n.    There  is  every  probability  that  the  sea  did  not  make  a 

inroad  over  the  land,  but  that  there  was  a  quiet  and  gra- 

[inl  change  of  level,  as  in  the  case  of  the  dirt-bed.     I  shall  not 

feiee  the  subsequent  changes  that  have  taken  place  over  this  spot 

(■die  earth's  surface,  further  than  to  remark,  that  the  sea  again 

lAqipeared  (Isle  of  Wight),  and  fresh-water  or  estuary  deposits 

f«R»eded. 

These  conclusions  can  scarcely  be  termed  hypothetical,  for  they 
F§Mir  such,  however  remarkable,  as  may  be  considered  honest 
fiMiictions  from  the  phaenomena  observed. 

To  form  such  a  deposit  as  that  we  have  been  noticing  would  be 
Imk  of  time,  and  therefore  we  may  infer  that  equivalent  forma- 
ftni  were  takings  place  elsewhere,  the  great  operations  of  nature 
Ineeeding  in  their  usual  course.  The  fresh-water  character  of 
m  deposit  can  only  be  considered  accidental  or  local ;  precisely 
vfermations  at  the  present 'day,  though  contemporaneous,  may 
k  either  marine  or  lacustrine.  Therefore,  even  supposing  various 
idicular  movements  in  the  land  to  have  taken  place  exten- 
over  certain  portions  of  Europe,  it  does  not  follow  that  they 
have  produced  a  constant  rise  of  that  land  above  the  sur- 
^Bb  of  the  sea.  On  the  contrary,  we  may  consider  that  such 
■B?ements  very  frequently  caused  a  mere  change  in  the  relative 
iopdi  beneath  the  surface-water,  and  that  all  deposits  in  the  coiuve 
tf  fetmation,  and  so  circumstanced,  partook  of  the  marine  cha- 
iKIer  of  the  surrounding  aqueous  medium. 

If.  Thirria  describes  a  considerable  superficial  deposit  of  clay 
lift  pisiform  iron-ore  in  the  department  of  the  Haute  Saone, 

CI  et  which  he  considers  referable  to  the  green  sand,  and  may 
equivalent  to  the  Wealden  rocks.  Above  rocks  which  seem 
<|bivalent  to  the  Portland  beds  of  England,  tliere  are  strata  of 
iild  and  day,  apparently  the  denuded  remains  of  a  deposit,  once 
■ore  extensive,  which  has  suffered  aqueous  destruction,  the  water 
vidne  up  portions  of  the  removed  strata  with  the  bones  of  Bears 
Vii  miinoceroses ;  so  that  the  mass  upon  reconsolidation  much 
ictemUes  the  mineralogical  composition  of  the  original  beds.  The 
Mowing  is  a  section  of  beds,  which  M.  Thirria  considers  as  in 
pUee,  the  list  of  fossils  being  increased  by  those  which  he  dia- 
pered, also  in  place,  in  the  department  of  the  Haute  Saone : 
1.  Unctuous  green  clay;  2.  Fine  and  slightly  argillaceous  yellow 
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sand;  3.  Nodules  of  yellow  limestone  contained  in  greenish  dqr 
4.  Yellow  and  slightly  argillaceous  sand ;  5.  Greenish-yellov  m 
unctuous  clay;  6.  Greenish  clav,  with  nodules  of  marly  limesUi 
and  grains  of  iron  ore ;  7.  Pisiform  iron-ore,  contained  in  i 
Qchreous  clay,  with  Ammonites  binuSf  A,  pkmicottata,  Sow^  2 
coronatuSf  Schlot.,  and  other  species;  Hamitei  (new  species] 
Nernuea;  Cirrus;  Terebratula  eoarctata,  Sow.,  and  othec speoM 
and  Pentaermites :  8.  White  marl,  with  nodules  of  greenish  di 
and  concretions  of  marly  limestone.  The  whole  forming  a  thid 
ness  of  ahout  forty  feet,  and  resting  on  beds  considered  equhrala 
to  those  of  Portland*. 

The  extraordinary  mixture  of  fossils  contained  in  die  pisifiii 
iron  ore  is  commented  on  by  M.  Thirria,  who  further  remarks  di 
the  reniform  pieces  of  ore  sometimes  contain  the  empty  casts 
Jura  limestone  fossils. 

In  support  of  the  opinion  th^  some  of  these  pisiform  and  rei 
form  iron-ore  beds  are  of  contemporaneous  formation  with  eidi 
the  Wealden  rocks  or  green  sand  and  chalk  of  England,  we  mi 
cite  the  observations  of  Professor  Walchner  on  siimlar  beds  ne 
Candem  in  the  Brisgau.  He  remarks,  '<  that  the  reniform  ai 
pisiform  iron-ore  deposits  in  the  vicinity  of  Candem  belong  toti 
formations  of  very  different  ages;  one  of  which  rests  on  a  corapi 
Jura  limestone,  apparently  corresponding  with  either  the  coral x 
or  Portland  stone  of  the  English.  It  is  composed  of  a  mass 
sandy  clay,  containing  reniform  iron-ore  in  the  lower,  and  pisifti 
iron  in  the  upper  part ;  and  at  the  same  time  spheroids  of  ffi 
(silex)  and  jasper.  The  reniform  ores,  and  the  flints  which  i 
company  them,  contain  organic  remains :  the  former  of  Astn 
and  Ammonites,  the  latter  of  Pectines  and  spines  of  Cidaris,  T 
whole  is  covered  with  the  solid  beds  of  conglomerate,  more  anck 
than  the  molasse,  or  by  the  molasse  itself.  This  iron-ore  foni 
tion  may  be  considered  as  one  of  the  last  of  the  Jura  limetto 
(oolitic  group),  and  it,  without  doubt,  closely  approaches  the  ohil 
perhaps  it  may  be  like  the  green  sand,  intermediate  between  t 
Jura  limestone  and  the  chsukf." 

In  further  support  of  this  conclusion,  Professor  Walchner  quol 
the  remarks  of  MM.  Merian  and  Escher,  on  parts  of  the  Jura,  be 
of  whom  describe  a  clay  with  pisiform  or  reniform  iron-ore,  inti 
mediate  between  the  upper  beds  of  the  Jura  limestone  and  t 
molasse  (one  of  the  supracretaceous  rocks  of  Switzerland) ;  li 
being  sometimes  wanting,  so  that  the  molasse  rests  directly  on  t; 
Jura  limestone.  M.  Merian  states  that,  near  Aarau,  the  feral 
rous  bed  sometimes  contains  large  angular  fragments  of  the  Ha 

*  Thirria,  Notice  sur  le  Terrain  Jurassique  du  Departement  de 
Haute  Saone;  M^m.  de  la  Soc.  d'Hist  Nat  de  Strasbourg,  torn.  L  ISM 

f  Walchner,  Sur  les  Minerals  de  Fer  pisiforme  et  riniforme  de  Caode 
en  Brisgau;  M^m.  de  la  Soc  d'HisU  Nat  de  Strasbourg,  torn.  L 
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lone  on  wbicli  it  rests,  as  also  nodules  of  flint  and  jasper;  angular 
h^iments  of  the  former  containing  organic  remains,  which  are 
ke  same  as  those  detected  in  the  iron-ore  itself.  The  same  author 
ibierves,  that  "  the  pisiform  ore  of  Aarau  is  immediately  covered 
ff  a  sandstone  and  bituminous  schist,  passing  into  lignite,  which 
MBetimes  clearly  exhibits  a  woody  texture."  The  schist,  and  its 
IDDompanying  clays,  contain  an  abundance  of  fossils,  amone^  which 
?kmorbe8  and  other  fresh-water  shells  could  be  distinguished. 

M.  Brongniart  notices  among  the  cretaceous  rocks  of  the  Isle 
TAix  and  the  embouchure  of  the  Charente,  a  marl,  which  he 
fiera  to  the  Wealden  clay,  containing  nodules  of  amber,  pieces 
finite  and  silicified  wood,  in  which  holes,  formed  by  some  per- 
hrating  animal,  are  replaced  by  agates*.  The  latter  fact  agrees 
rith  the  presence  of  pieces  of  silicified  wood,  occasionally  of  hurge 
be,  found  on  the  green  sand  of  Ljnne  Regis,  where  the  holes, 
fanned  by  some  perforating  animal,  are  filled  with  chalcedony  or 
nte.  Both  examples  appearing  to  show  that  the  wood  had 
nftedy  and  remained  some  time  in  the  sea. 

According  to  Professor  Pusch  there  is  a  ferriferous  deposit  in 
Pidand,  situated  between  the  Jura  limestone  and  the  cretaceous 
leks,  which  may  be  considered  as  the  equivalent  to  the  Weald 
ivr  and  iron  sand  (Hastings  Sands)  of  England.  The  following 
prraf.  Pusch's  account  of  these  beds,  which  is  too  valuable  to  be 
inidged :  "  It  fills  the  valleys  (in  Poland)  of  Czama  Przemsa  as  far 
sSiewirz,  that  of  Mastonica,  that  of  the  Wartha  from  its  origin  at 
Enmolow  towards  Czenstochau,  and  of  the  Liziwarta;  and  extend- 
Bg  across  Higher  Silesia  to  the  Oder,  running  up  this  river  to  &e 
mmtry  of  Ribnyk.  It  is  composed  of  horizontal  beds,  often  alter- 
Mting  and  of  little  continuity,  of  a  slightly  calcareous  and  schis- 
JMe  day,  either  blue  or  variegated,  named  kurzawka ;  of  a  sili- 
■oas,  quartzose,  and  compact  conglomerate ;  of  a  brown  ferriferous 
Mndstone;  of  beds  of  loose  sand,  and  of  thin  beds  of  white  or  varie- 
Bted  marly  limestone.  In  the  country  of  Kromolow,  Poremba,  and 
leirirzce,  this  formation  contains  horizontal  beds  from  six  inches 
iofimrteen  feet  in  thickness,  of  a  coarse  coaly  substance  {moorkohl)^ 
iftm  accompanied  with  bituminous  wood  and  much  pyrites.  This 
nmbastible  is  little  worked,  as  the  dejposit  occurs  in  marshy  val- 
Itjiy  but  the  want  of  wood  may  render  it  useful  in  the  country  be- 
tween Felica  and  Czenstochau.  From  Siewirz,  the  carbonaceous 
bidi  lose  themselves  on  the  north.  Faint  traces  of  them  are  found 
raund  Czenstochau,  Krzepice,  and  Klobucho ;  while  the  unctuous 
nd  blue  schistose  clays  are  largely  developed  in  these  countries, 
widi,  as  on  the  top  of  the  carbonaceous  deposits,  numerous  beds 
of  iron-ore,  consisting  of  ranges  of  spheroidal  nodules  of  compact 
ttgiDaceous  iron-ore,  containing  numerous  Ammonites,  (especially 

*  Tab.  des  Terndns,  p.  218. 
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Ammonites  hifurcatus,)  and  bivalves,  of  the  genen 
Venus,  Trigonia,  Sanguinolaria,  &c,,  fossils  which  pi 

rnd  with  those  of  the  Jura  limestone.  This  ferrifei 
unds  near  Panki,  near  Krzepice,  between  this  poii 
lun,  and  on  the  north  of  Upper  Silesia.  It  furnishes  i 
foundries  of  Poremba,  Miaczow,  Panki,  Zarki,  and  vai 
in  Silesia,  producing  50  per  cent,  of  iron.  A  brown 
sandstone,  agglutinated  by  hydrate  of  iron,  covers  the 
tose  clays,  especially  round  Kozieglow,  Panki,  and  Pri 
The  reader  will  at  once  perceive  the  great  resembla 
ferriferous  deposit  with  that  above  noticed  in  the  Jun 
semblance  being  heightened  by  the  occurrence  of  organ 
of  which  Ammonites  constitute  a  portion,  in  the  iron-stc 
of  both  situations.  There  would  appear  to  be  little  c 
considering  this  deposit,  with  M.  Pusch,'as  the  equiva 
Wealden  rocks  of  England,  showing  that  where  loc 
stances  did  not  interfere,  and  the  deposit  continued  to 
beneath  the  sea,  its  zoological  character  marked  a  ci 
nection  with  the  oolitic  group ;  the  species  of  anima 
during  the  formation  of  at  least  a  portion  of  the  latte: 
being  suddenly  cut  off:  thus  exhibiting  a  zoological  pas 
oolitic  into  the  cretaceous  groups,  when  local  circum: 
not  interfere,  as  they  have  done  on  the  south-east  of  £i 
is  remarkable  that,  notwithstanding  the  different  chara 
organic  remains,  apparently  entombed  in  beds  of  the 
wmch  would  seem  to  point  out  deposits  in  differentwj 
ore  should  be  so  common  in  the  Wealden  rocks  of  £e 
Jura,  and  Poland. 

When  the  upper  beds  of  the  oolitic  series  formed  dry 
sustained  vegetation  in  southern  England,  it  seems  rea 
conclude  that  many  parts  of  the  land  now  constitutii 
were  similarly  circumstanced ;  and  therefore  contempor 
posits  of  various  characters  may  have  been  produced  ii 
situations ;  some,  by  the  nature  of  their  organic  remain: 
the  presence  of  large  lakes,  or  the  embouchures  of  co 
rivers  : — in  fact,  a  state  of  things,  during  which  there  i 
ture  of  dry  land,  fresh  waters,  and  sea  in  this  part  of 
Some  cause,  with  which  as  yet  we  are  imperfectly  a 
subsequently  produced  a  great  change  in  the  relative  le 
and  land,  and  the  cretaceous  rocks  (chalk  and  green 
came  deposited  over  a  very  considerable  area,  one  i 
extending  over  a  much  larger  superficies  than  that  in 
last-formed  rocks  of  the  oolitic  series  were  deposited. 

*  Pusch,  Journal  de  Geologie,  t  ii. 
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OOLITIC  GROUP. 

-Oolite  formation,   Engl,  authors;    Calcaire  de  Jura,   Caieaire 
Jwastique,  Fr.  authors ;  Jurakalk,  Germ,  authors. 

Troup  is,  in  the  southern  parts  of  England,  composed  of  va- 
altemations  of  clays,  sandstones,  marls,  and  limestones; 
of  the  latter  heing  oolitic,  whence  the  name  oolitic  series. 
'ery  early  period  in  the  history  of  English  geology,  Mr.  Wil- 
imith  affixed  names  to  various  portions  of  this  series,  many 
ich  are  still  employed  hy  the  geologists  of  Europe.  Several 
divisions  and  subdivisions  are,  undoubtedly,  very  arbitrary, 
erhaps  separate  those  things  theoretically  which  nature  has 
I ;  but  their  convenience  seems  proved  by  their  very  general 
ion.  In  consequence  of  three  great  clay  or  marl  deposits 
ring  to  divide  the  series  in  the  south  of  England  into  three 
il  groups,  Mr.  Conybeare  has  separated  it  into  three  systems, 
lows,  (the  Purbeck  beds  only,  for  reasons  before  assigned, 
omitted):  1.  Upper  system,  containing,  in  the  descending 
,  a.  Portland  oolite ;  6.  calcareous  sand  and  concretions ;  c.  an 
>-calcareous  deposit,  named  Kimmeridge  clay.  2.  Middle 
0,  a,  coral  rag,  and  its  accompanying  oolites ;  6.  calcareous 
and  grit;  c.  Oxford  clay.  3.  a.  Calcareous  strata,  (some- 
divided  by  clays  or  marls,)  named  combrash,  forest  marble, 
or  Bath  oolite,  and  inferior  oolite ;  6.  calcareo-siliceous  sands, 
ly  termed  sands  of  the  inferior  oolite ;  c,  an  argillo-calcareous 
It  named  lias. 

ese  three  principal  divisions,  marked  by  argillaceous  deposits, 
been  traced  to  various  distances,  though  their  subdivisions 
lot  been  so  readily  identified.  The  extent  to  which  a  few  fossil 
of  each  division  can  be  observed,  is  also  deserving  of  attention. 
.  Phillips  distinguishes  this  group  in  Yorkshire  into,  a.  Rim- 
Ige  clay;  6.  upper  calcar^us  grit;  c.  coralline  oolite; 
wet  calcareous  grit;  e,  Oxford  clay;  /.  Kelloway  rock  (a 
given  to  stony  portions  of  the  Oxford  clay,  near  Kelloway 
e  in  Wiltshire) ;  g,  combrash  limestone ;  h.  upper  sandstone, 
and  coal ;  t.  impure  limestone  (Bath  oolite) ;  k.  lower  sand- 
,  shale,  and  coal;     I.  ferruginous  beds  (inferior  oolite); 

rr  lias  shale ;  n.  marlstone  series ;  and  o.  lower  lias  shale, 
be  observed  that  these  divisions  do  not  very  materially 
from  those  of  the  southern  parts  of  England,  except  in  the 
nee  of  certain  shales  and  sandstones  containing  coal,  abo^e 
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and  beneath  a  bed  considered  equivalent  to  the  Bath  ool 
These  carbonaceous  beds  are  stated  to  haye  a  collective  thida 
of  700  feet,  the  supposed  representative  of  the  Bath  oolite  In 
abstracted. 

The  oolitic  series  of  Normandy  also  presents  a  close  anakg; 
its  general,  and  even  in  some  of  its  minor  divisions,  with  thoi 
southern  England.  Commencing  with  the  vicinity  of  Havre, 
extending  our  observations  to  the  Cotentin,  we  find  the  foUoi 
series :  a.  Kimmeridge  clay,  in  which  certain  sandstones  mu 
Glos  sandstones  are  subordinate ;  6.  limestone  and  oolitic  b 
referable,  from  their  geological  and  zoological  characters,  to 
coral  rag ;  c.  a  ferruginous  and  calcareous  sandstone ;  <L  Oz 
day ;  e,  a  series  of  beds,  including  the  well-known  Caen  sti 
and  representing  the  forest  marble  and  great  oolite ;  /.  infi 
oolite;  ^.  lias*.  M.  Boblaye  divides  the  oolitic  series  of 
north  of  France  as  follows  f:  a,  beds  referable  to  the  coral 
(the  highest  of  the  oolitic  series  in  the  district) ;  6.  a  sandy 
ferruginous  oolite;  c.  a  series  of  beds  representing  the  coniDr 
forest  marble,  and  great  oolite ;  d,  ferruginous  bmestone,  m 
ceous  marls,  and  sandy  limestones,  equivalent  to  the  infc 
oolite  and  its  saqds ;  e,  lias.  In  Burgundy,  M.  £lie  de  BeamB 
who  has  remarked  on  the  constancy  of  the  geological  facts 
servable  in  the  oolitic  belt  of  the  great  geological  basin  lA 
contains  London  and  Paris,  has  found  beds  which  he  consii 
referable  to  those  of  Portland,  beneath  which  is  a  marly  limesl 
with  the  Gryphisa  virgula,  a  remarkable  shell  of  the  Kim  men 
day,  particularly  in  France.  These  beds  are  succeeded  by  o 
pact  earthy  or  oolitic  limestones,  beneath  which  is  gray  nu 
limestone,  supposed  equivalent  to  the  Oxford  clay.  This  is 
lowed,  in  the  descending  order,  by  a  series  of  oolite  and  other  b( 
beneath  which  there  is  a  limestone  remarkable  for  containing 
abundance  oi  Entrochi,  and  considered  equivalent  to  the  inft; 
oolite,  under  which  are  rocks  corresponding  with  the  lias^. 

M.  Thirria  describing  the  oolitic  series  of  the  departmeni 
the  Haute  Saone,  where  it  constitutes  the  north-western  limit 
the  Jiu*a,  notices  thefollowing  beds  (the  (ias  being  excluded  from 
list  according  to  the  views  of  some  of  the  continental  geologist 
»-a.  inferior  oolite,  composed  of  various  limestones,  oolitic,  i 
lamellar,  lamellar,  and  compact,  reddish,  gray,  and  yellow;  ic 

•  De  la  Beche,  Geol.  Trans,  vol.  i.  1822 ;  De  Caumont,  Estai  tm 
Topographic  G^og.  du  Calvados,  1828. 

f  Boblaye,  Sur  la  Form.  Jurassique  dans  le  Nord  de  la  France;  Ai 
de8Sci.Nat  1829. 

X  Elie  de  Beaumont,  Note  sur  I'uniformit^  qui  regne  dans  la  oo« 
tution  de  la  Ceinture  Jurassique  qui  comprend  Londres  et  Paris ;— Ai 
des  Sd.  Nat.  1829. 
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rf  die  bedi  being  studded  with  Entrochi,  or  joints  of  Crinoidea 
Dtebed  is  remarkable  for  oolitic  hydrate  of  iron,  so  abundant  as 
libe  worked  for  profitable  purposes  at  Calmontiers,  Oppenans, 
~  Hey,  and  other  places ;  6.  a  yellow  marl,  considered  equivalent 
tibe  Fuller's  ei^rth  of  the  English  (two  yards  thick) ;  c.  great 
composed  of  oolitic  beds,  containing  among  other  uiells 
aeummeUa  and  Avicula  echinata;  (/.limestones  with  much 
oxide  of  iron,  schistose,  suboolitic,  or  compact,  considered 
[ent  to  forest  marble;  e,  marly  limestone,  gray  or  yellowish, 
of  oolitic  grains,  supposed  equivalent  to  the  cornbrash  of  £n- 
~ ;  /.  schistose  blackish  gray  marls  with  marly  limestone,  rest- 
on  gray  schistose  marls  containing  oolite  grains  of  hydroxide 
Iron,  worked  for  profitable  purposes  in  the  districts  of  Orrain 
~  Sfl^g[uenay.  The  whole  of  this  subdivision,  fj  is  based  on  dark 
and  schistose  argillaceous  limestone,  and  contains  many 
particularly  in  the  ferruginous  oolite,  among  which  is 
u  dilatatOf  a  very  characteristic  shell  of  the  Oxford  clay, 
h,  and  to  the  Kelloway  rock,  the  whole  is  referred ;  y.  a 
of  clay  and  limestone  beds,  the  latter  mostly  oolitic ;  the 
■per  part  containing  Corals,  and  the  lower  portion  numbers  of 
Urmaay  the  whole  considered  equivalent  to  the  coral  rag;  A.  gray 
■tb  and  marly  limestone,  based  on  compact  gray  limestone,  the 
Mar  containing  abundant  remains  of  Astarie,  while  the  other 
■rti  present  the  Gryphtsa  virgula;  these  marls  are  consequently 
Aired  to  the  Kimmeridge  clay;  s.  various  limestone  beds, 
liDcipany  of  a  gray  colour,  sometimes  whitish  and  yellowish, 
tochers  of  a  deeper  tint,  considered  equivalent  to  the  Portland 
hoe*. 

M.  Dufr^noy,  in  his  remarks  on  the  rocks  of  this  age  which 
wnr  in  the  south-western  parts  of  France,  divides  the  oolitic 
pmip  into  three  distinct  systems;  admitting,  however,  at  the 
■me  time,  that  these  divisions  are  not  well  pronounced,  the  beds 
ihich  apparently  correspond  with  the  Oxford  and  Kimmeridge 
iiji  being  replaced  by  marly  limestone.  He  further  observes, 
Ht "  the  numerous  subdivisions  noticed  by  the  English  geologists 
■•  but  very  imperfectly  seen  in  the  secondary  basin  under  con- 

eation ;  some,  nevertheless,  being  sufficiently  constant."  The 
r  portion  rests  on  lias,  and  is  composed  of  micaceous  marls, 
Vidi  Grypfuea  Cymhium^  Belemnites,  and  other  shells,  which,  as 
Ve  observes,  may  be  referred  to  the  sands  of  the  inferior  oolite, 
there  are  beds  of  limestone  with  oolitic  iron,  and  oolites,  con- 
■dered  equivalent  to  the  Bath  oolites,  the  latter  only  well  de- 
vdoped  at  Mauriac,  Aveyron.  This  lower  division  is  represented 
M  A  considerable  thickness.     Above  this  there  is  a  system  of 

*  Thirria,  Notice  sur  le  Terrain  Jurassique  du  D6partement  de  la 
Bnte-Saone;  M6m.  de  la  See.  d'Hist  Nat  de  Strasbourg,  1830. 
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muAy  limestone  hedE,  in  some  places  assodated  with  cooi 
masses  of  polypifers  and  thick  oeds  of  irregular  and  eart 
j(Marthon9  forest  of  la  Braconne,  and  other  places).  M.  I 
infers,  from  the  great  ahnndance  of  the  corals,  the  presen 
oolite  and  many  fossils,  that  these  heds  are  equivalent  to 
rag  and  Oxford  oolite.  Upon  this  system  rests  another,  c 
of  marls  and  marly  limestone,  abounding  in  the  Grypkeet 
supporting  an  oolite  (from  the  environs  of  Angoul^m 
ocean),  in  which  this  gryphite  is  also  found.  Inese  i 
referred  to  the  Kimmeri^e  day  and  Portland  oolite  resj 
and  are  stated  to  be  surmounted  by  rocks  of  the  cretaceous 

It  would  thus  appear,  that  throughout  a  oonsiderabl 
of  France  and  England,  the  causes  which  have  producei 
posit  of  the  oolijtic  group  have  not  varied  materially, 
however,  we  attempt  any  remarks  on  this  apparent  unifc 
mineralogical  structure  ov«r  a  considerable  area,  it  will  1 
saiy  to  present  a  sketch  of  this  deposit  in  Scotland,  C 
and  Sweden. 

Our  knowledge  of  the  oolitic  group  of  Scotland  is  n 
ticularly  due  to  Mr.  Murchison.  The  coal  deposit  of  1 
Sutherlandshire,  has  been  shown  to  correspond  with  the 
ceous  series  of  Yorkshire,  described  by  Mr.  Phillips  as  < 
betw<een  the  inferior  oolite  and  combrash,  and  includi 
central  part  a  rock  considered  equivalent  to  the  Bath 
oolite.  In  the  vicinity  of  Brora  there  would  appear  to  b 
sandstones  and  shales,  containing  coal  and  vegetable  im] 
The  freestone  of  Braambury  and  Hare  hills  is  describ 
vered  by  a  rubbly  limestone,  "  an  aggregate  of  shells 
stems  of  plants,  lignite,  &c."  Mr.  Murchison  consi 
organic  remains  of  this  bed,  and  the  casts  in  the  freestoi 
ferable  to  such  as  occur  in  the  lower  part  of  the  coral 
Dunrobin  Castle  calcareous  sandstones  are  succeeded  b 
**  pebbly  calciferous  grit,"  covered  by  shale  and  limesi 
fossils.  Other  varieties  of  this  oolitic  deposit  occur  on  t 
which  consists,  in  the  descending  order,  of  rubbly  limesto 
sandstone  and  shale,  shelly  limestone,  sandstone,  shale,  i 
stone,  with  plants  and  coal,  considered  the  same  with  1 
shire  carbonaceous  deposit. 

This  oolitic  deposit  is  not  confined  to  the  main  land 
land,  but  is  found  in  the  Hebrides.  According  to  Mr.  M 
it  occurs  at  Beal  near  Portree,  Sky,  the  higher  part  pre 
calcareous  agglomerate  of  fossils,  resembling  many  porti< 
English  combrash  and  forest  marble  :  it  is  identical 
shdly  limestone  of  Sutherland,  above  noticed.  At  I 
sandstone  rises  to  a  considerable  height  from  beneath  t 

*  Dufr^noy,  A.ima\es  de&  W\xv««,  torn.,  v.  1829. 
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ne.  Impceflsions  of  plants  are  found  in  the  sandstone  on  die 
rtb-east  of  Holm.  Near  Tobermory  in  Mull,  sandstone,  con  • 
lered  as  equivalent  to  that  oT  the  mferior  oolite,  rests  on  lias, 
ntaining  the  Chryphtea  incurva.  It  also  appears  that  rocks  of 
s  oolitic  series,  including  Has,  occur  in  other  parts  of  Mull,  the 
nosite  coast  of  JEtoss-shire,  and  in  the  islands  of  Rasay  and 
wbla,  often  cut  and  covered  by  trap  rocks*. 
The  oolitic  group  of  Germany  is  not  as  yet  so  well  known  in 
I  details  as  the  same  group  in  England  and  France.  Von  Buch 
nsiders  much  of  the  German  oolite  as  referable  to  the  coral  rag, 
nd  the  same  geologist  describes  the  coral  rag  as  constituting 
le  elevated  plateau  between  the  Mein  and  Switzerland,  and  as 
nnd  in  the  mountains  of  Streitberg,  at  Donzdorf  in  Swabia,  at 
lathshausen  near  BahL'ngen,  and  at  Mont  Randan  near  Schaf- 
Busen.  Von  Buch  observes,  that  at  the  latter  place  there  are 
nreral  beds  of  pol3rpifers,  in  which  Cnemidium  lamellosum,  Cti. 
Haiumf  and  Cn,  rimtdosum,  are  the  most  characteristic  fossils, 
leneath  these  are  beds  full  of  Ammonites,  such  as  A,  placatilis, 
L  tripUcatus,  large  and  very  abundant.  A,  perarmaius,  A,  hiplex^ 
f.  JUxuosus,  A.  hifurcatuSf  and  A.  canaliculatus.  These  coral- 
ig  beds  rest  on  clays  and  marls,  containing  the  Gryphtsa  dUa- 
ia  and  Ammonites  sublavis  f .  The  list  of  organic  remains  will 
kow  that  polypifers  are  abundant  on  this  rock  at  Streitberg, 
Inggendoif,  &c. 

Mr.  Murchison,  in  his  sketch  of  the  oolitic  rocks  of  Germany, 
iken  from  his  own  observations  and  the  published  notices  of 
German  geologists,  considers  that  '*  the  higher  members  of  the 
clitic  groups  of  England,  viz.  Coral  rag,  Portland  stone,  &c., 
HKfe  not  yet  been  defined  in  any  part  of  central  Germany,  though 
hey  may  exist  in  Hanover;"  and  he  is  doubtful  whether  the  rocks, 
jboonding  in  corals,  of  Nattheim,  Heidenheim,  &c.,  should  be 
eferred  to  the  coral  rag  or  the  upper  part  of  the  great  oolite.  The 
kH  known  slaty  rocks  of  Solennofen  are  observed  to  thin  out 
ntveen  masses  of  dolomite  near  the  mouth  of  the  Altmiihl ;  and 
Ids  author  seems  inclined  to  consider  them  as  equivalent  to  the 
konesfield  slate.  The  middle  oolite  of  central  and  southern  Ger- 
nany  is  stated  to  differ  in  its  mineralogical  character  from  the 
Njoivalent  rocks  in  Westphalia  and  Hanover, — shales,  grits,  &c., 
leing  replaced  by  compact  light-coloured  limestone  or  dolomite. 

The  section  of  the  gorge  of  the  Porta  Westphalica  is  described 
M  exhibiting  a  variety  of  beds,  considered  equivalent  to  those  of 
he  English  series  from  the  top  of  the  lias  to  shales  of  the  age  of 
he  Oaford  clay  inclusive.    These  beds  pass  beneath  the  range  of 

*  Murchison,  Geo!.  Trans.  2nd  series,  vol.  ii. 

f  Von  Buch,  Recueil  de  Planches  de  P^ifications  Remarqualile«^ 
^lin,  1831. 
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the  Buckeburg,  the  sandstone,  calcareous  shale,  and  coal,  of  wfak 
Mr.  Murchison  agrees  with  M.  Hoffman  in  referring  to  the  upu 
part  of  the  oolitic  &;roup.  The  inferior  oolite  is  stated  to  reseraU 
the  same  rock  of  the  Hebrides  and  the  coast  of  Yorkshire,  consCl 
tuting  a  great  arenaceous  formation,  mostly  ferruginous,  and  ooc 
taining  many  characteristic  organic  remains.  It  is  describe 
as  capping  the  lias  throughout  Wurtemherg,  Bayaria,  Hanorei 
and  Westphalia.  The  lias  is  represented  to  be  well  developed  i 
Wurtemherg,  the  north  of  Bavaria,  Hanover,  Westphalia,  &c.  A 
section  of  it  on  the  right  bank  of  the  Maine  at  Banz,  near  Cobtnn 
is  pointed  out  as  presenting  a  series  of  beds  analogous  to  thoii 
of  Whitby,  and  as  containing  a  great  abundance  of  organic  kk 
mains  ♦. 

M.  Merian  has  afforded  us  very  valuable  details  respecting  tbk 
structure  of  the  Jura  near  BMe,  and  of  its  continuation  into  Get' 
many  in  the  same  vicinity ;  whence  it  appears  that  the  inferuk 
oolite  (Eisen  Rogenstein)  and  the  lias  (  Gryphiten  Kalk)  constitnti 
clearly  marked  rocks  of  the  series.  The  beds  which  rest  on  dii 
Eisen  Rogenstein  are  divided  into  older  and  newer  Jura  limestoM 
{Alterer  Rogenstein  and  Jungerer  Jurakalk),  the  former  beiiK 
considered  in  a  great  measure  equivalent  to  the  great  or  Baa 
oolite,  and  separated  from  the  latter  by  beds  of  clay  f. 

For  the  superficial  distribution  of  the  oolitic  group  over  Gei^ 
many,  the  student  should  consult  the  geological  maps  of  tliaft 
country ;  particularly  Hoffmann's  map  of  North-western  Germany, 
and  the  more  general  map  published  by  Schropp.  The  mineni- 
logical  character  of  the  mass  does  not  appear  to  be  very  mate- 
rially different  from  that  above  noticed ;  limestones,  sometimei 
with  an  oolitic  structure,  clays,  marls,  and  sandstones,  constituting 
its  component  parts,  and  the  organic  remains  hitherto  found  pre- 
senting the  same  general  zoological  character  with  the  same  group 
in  England  and  France. 

So  far,  if  we  except  the  dolomite  in  Germany,  we  have  found  w 
great  change  in  the  oolitic  group,  taken  as  a  mass :  there  is  notbinff 
which  shows  that  in  the  particular  parts  of  Europe  above  noticcl 
any  forces  were  called  violently  into  action  during  its  deposit. 
On  the  contrary,  a  greater  or  less  degree  of  repose  seems  charac- 
teristic of  it,  as  also  the  presence  of  a  large  proportion  of  calca- 
reous matter.  The  lowest  portion,  or  the  lias,  preserves  certain  ge- 
neral characters  over  a  considerable  area;  and  why  some  geologisti 
have  separated  it  from  the  oolitic  series  is  not  easily  understood; 

*  Murchison,  Proceedings  of  the  Geol.  Society,  May  1831. 

f  Merian,  Geognostischer  Durchschnitt  durch  das  Jura- Gebirge  von 
Basel  bis  Kestenholz  bey  Aarwangen ;  Denkschriften  der  allgemeineii 
Schweizerischen  Gesellschaft  fiir  die  gesammten  Naturwitsenscbafteo. 
Zurich,  1829. 
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r  if  an  apparent  passage  into  the  rocks  beneath  in  some  situa- 
ins  be  the  reason,  such  a  reason  would  hold  equally  good  for 
t  separating  it  from  those  above,  into  which  it  also  passes :  if  its 
olosical  character  be  brought  forward,  there  can  be  little  doubt 
at  uiroughout  Western  Europe  this  would  place  it  in  the  group 
ider  consideration. 

The  lias  of  Western  Europe  may  be  considered,  taken  in  the 
lass,  as  an  argillaceous  and  calcareous  deposit,  in  which  some- 
nes  one  substance  predominates,  sometimes  the  other ;  some- 
nes  presenting  a  great  abundance  of  marls  or  clays,  at  others 
r  limestones :  the  latter  are  however  generally  most  common  in 
le  lower  portions  of  the  rock.  In  the  Vosges  district  the  lower 
art  of  the  lias  is  formed  of  a  sandstone,  described  by  M.  Elie  de 
ieaumont  as  yellow  and  quartzose,  containing  mica,  a  few  flat- 
bed argillaceous  nodules,  and  small  white  or  black  quartz 
ebbles  *.  The  presence  more  particularly  of  the  pebbles  seems 
)  point  to  a  transport  by  water.  This  sandstone  extends  into  the 
eighbouring  parts  of  Germany,  and  is  one  of  those  to  which  the 
ame  of  Quaaersandstein  has  been  applied.  Beneath  the  oolitic 
roup  which  comes  into  contact  with  the  granitic  rocks  of  central 
^ce,  M.  de  Bonnard  has  described  an  arenaceous  rock,  which 
e  has  named  Arkose,  and  which  may  represent  the  arenaceous 
eds  constituting  the  lowest  part  of  the  same  rocks  in  the  district 
fthe  Vosges.  M .  Dufr^noy  describes  an  arenaceous  deposit  cor- 
isponding  in  geological  position  and  external  characters  with  the 
rkose  of  M.  oe  Bonnard  in  the  south-western  part  of  France. 
[e  also  states,  that  from  Chatre,  where  the  coal-measures  ter- 
minate, to  beyond  Brives,  the  separation  of  the  oolitic  series 
id  the  granitic  rocks  is  marked  by  the  presence  of  this  sandstone, 
Dmposed  of  quartz  grains  and  fel  spathic  portions,  cemented  by 
latter  generally  marly,  but  sometimes  siliceous ;  the  silex  in  the 
iter  case  becoming  sometimes  so  abundant  as  to  obliterate  its 
laracter  of  a  sandstone,  so  that  it  passes  into  a  jasper.  This 
uidstone  seems  to  pass  into  the  lias  limestone,  presenting  an 
vnaceous  limestone  between  the  two.  M.  Dufrenoy  considers 
as  the  inferior  sand  of  the  lias,  representing  one  of  the  quader- 
ndsteins  of  Germany.  The  same  author  describes  the  lias  of  the 
uth-west  of  France ;  and  states  that  it  contains  masses  of  gypsum, 
(though  sulphate  of  lime,  in  the  shape  of  crystals  of  selenite,  is 
'  no  means  uncommon  in  the  lias  marls  of  other  countries,  its 
esence,  in  that  form,  does  not  appear  to  mark  a  chemical  deposit 
much  as  in  the  gypsum  above  noticed.  Taken  as  a  whole,  the 
s  seems  very  persistent  in  its  characters  throughout  a  consi- 
rable  part  of  France,  England,  and  Germany,  pointing  to  a 

*  Elie  de  Beaumont,  M^m.  pour  senrir  &  une  Description  Geologique 
la  France,  tom.  i. 
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somewhat  common  origin.     In  the  lias  of  Lyme  Begis, 

there  would  appear  evidences  of  slow  deposit  m  some  parti 

hi  others  the  animals  entombed  seem  to  haye  been  snddenl' 

and  preserved,  so  that  the  animal  substances  had  not 

decay.    The  ink-bags  of  fossil  SepiiB,  noticed  by  Prof.  Bii.* 

afford  perhaps  the  best  evidence  we  can  adduce  of  this  ^^^^/Ck 

had  the  animal  substances  which  contained  ink  been  expos^*^   • 

for  a  short  time  to  decomposition  or  the  attacks  of  other  anf 

the  ink  must  have  flowed  out  of  the  bags.     Now  the  actual  ^^\^^ 

of  this  fossil  ink  are  precisely  those  of  the  ink-bags  found  xt^  «^7  i, 

Sepiisand  other  animals  possessing  organs  of  a  similar  descri/'^^  ^2 


at  the  present  day ;  and  therefore  they  appear  to  have  been  V^^  „ 
served  entire  and  suddenly  in  a  sofl  deposit.   In  the  lias  of  soutfi^^  21 
England  and  many  parts  of  France,  the  calcareous  matter  has  ^f^^\    g ' 
more  abundant  in  the  lower  parts ;  and  limestone  beds  have  bee^  ,, 
the  consequence,  interstratined  with  marl,  the  latter  sometiiB0^   ^ 
schistose.     Above  the  lias  we  have  an  arenaceous  deposit^  intt^      • 
which  the  marls  graduate ;  and  these  sandy  beds  would  seem  to  hai^ 
been  formed  over  a  considerable  area,  embracing  a  large  portiotf    ' 
of  France  and  England,  and  parts  of  Scotland  and  Germany*    ^ 
These  are  surmounted  by  limestones,  one  of  which,  characterisM    ^ 
by  the  presence  of  oolitic  iron-ore,  though  not  precisely  continuooi^    ^ 
is  remarkable  for  its  occurrence  in  a  similar  part  of  the  series    "f 
whether  it  be  in  the  southern  parts  of  England,  in  the  north  m    ^ 
France,  in  the  Jura,  or  in  some  parts  of  Germany.    Above  ihcrt    t  ' 
beds,  termed  the  Inferior  oolite,  there  is  a  series  which  varitf    tic 
much  in  its  mineralogical  character,  presenting  modifications  of   nr. 
clays,  marls,  and  limestones ;  the  latter,  which  are  often  oohtic^    :9 
affording  beautiful  materials  for  architecftural  purposes,  as  is  seen   '^ 
in  the  towns  of  Bath,  Caen,  Nancy,  and  other  places.    This    ec 
variety  is  commonly  known  by  the  name  of  the  Bath  or  Great    ue 
oolite,  while  other  portions  have  received  the  names  of  Fuller*!    "A 
darth,   Bradford  clay.   Forest  marble,   and   Combrash.    Then    s= 
can  be  little  doubt  that  in  tracing  these  supposed  minor  divi-    -s. 
sions  over  many  parts  of  Europe,  too  much  attention  has  been  given    3 
to  them  as  they  exist  in  southern  England  and  in  Normandyi    ^ 
and  that  conclusions  respecting  their  complete  identihr  elsewheni     ^ 
have  been  somewhat  forced.    This  is  not  the  case  with  the  next     "*- 
division,— one  like  the  lias  composed  of  argillaceous  and  calcareous 
matter,  known  as  the  Oxford  clay,  which,  with  certain  modifica- 
tions, seems  to  extend  through  England,  and  over  a  considerable 
portion  of  France,  including  the  Jura,  and  probably  also  into  Ger- 
many. The  next  superior  rock,  termed  Coral  rag,  (nrom  containing 
in  certain  situations  a  great  abundance  of  polypifers^)  separating  an 
argillaceous  deposit  termed  Kimmeridge  clay  from  the  Oxford 
clay,  seems  also  to  have  a  wide  range,  and  presents  a  mixtore 
principally  calcareous,  and  often  oolitic,  the  grains  being  not  un* 
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^^^  J^  large  that  tlie  rock  is  named  Pisolite.    The  Kim- 

•JjK^^y  is  also  an  argillaceous  and  calcareous  mixture, 

^■^J^^  considerable  range,  particularly  over  England  and 

™*v3^  covering,  or  the  beas  termed  Portland  beds,  seems 

fWttre^uim.}y  dispersed,  the  causes  that  produced  the  beds  not 

^;5|  y"8  ^  ymstant  as  those  which  formed  the  clay  beneath :  it  wOl 

r*^  uave  been  seen  that  rocks  considered  equivalent  occur 

■*?"^th-we8t  of  France,  and  in  the  Jura. 

^^^  We  view  the  oolitic  group  as  a  whole,  such  as  it  occurs 
**tt  a  eonnderable  part  of  western  Europe,  we  cannot  but  be 
'■ck  with  the  general  uniformity  of  its  structure.  The  three 
pKt  aigillo-calcareous  deposits  alternate  with  as  many  that  are 
^ikireous  or  arenaceous,  but  principally  the  former.  When  we 
'Hn^  to  apply  the  operation  of  such  causes  as  those  we  daily 
^tu,  in  explanation  of  this  uniformity,  we  seem  to  involve  our- 
ieffsf  in  innumerable  difficulties,  though  to  explain  certain  minor 
^jpetnuices  they  may  be  useful.  Durins^  nearly  the  whole  time, 
*B  lequire  the  presence  and  deposition  of  a  large  amount  of  cal- 
neons  matter ;  for  even  the  arenaceous  beds,  particularly  when 
dbCnlmted  over  a  considerable  area,  contain  this  substance ; — as 
Ir  instance  in  the  sands  of  the  inferior  oolite,  where  the  cement- 
W  matter  is  more  or  less  a  carbonate  of  lime.  The  mere  drift  of 
■Mances  into  a  sea,  such  as  takes  place  at  present,  seems  quite 
hnfficient  for  this  production  of  extensive  calcareous  deposits, 
iMing  aside  the  general  uniformity  of  the  series,  which  seems 
fRte  at  variance  with  any  such  mode  of  formation,  unless  the 

Sorting  powers  of,  and  the  matter  carried  forwards  by,  rivers, 
be  BO  conveniently  arranged  according  to  theory,  as  always 
bbe  the  same  over  considerable  districts.  In  a  general  view  of 
lb  deposit,  it  would  seem  better  to  consider  it  in  connection  with 
fte  succeeding  group.  As  joined  with  it,  it  appears  the  upper 
fui  of  one  great  mass,  which  has  been  deposited  in  various  in- 
equalities  of  surface,  the  superior  portion  frequently  overlapping 
m  inferior  part,  so  that  it  rests  directly  on  the  older  rocks ;  as  is 
k  case  in  Normandy,  where  not  only  the  quartz  rocks,  grauwacke 
laotttones,  and  grauwacke,  appear  protruding  through  the  oolitic 
groap,  but  where  various  river-courses  cut  down  through  the  same 
inies  to  the  older  rocks  enumerated. 

As  yet  we  have  seen  the  oolitic  group  composed  of  nearly 
rimilar  mineral  substances,  and  abounding  in  organic  remains.  In 
Poland,  however,  there  would  appear,  according  to  Prof.  Pusch, 
to  be  a  change  in  the  general  mineral  structure,  preparing  us  for 
oAer  greater  changes,  which  will  be  noticed  in  the  sequel. 
M.  Posch  describes  the  lower  member  of  the  group  under  considera- 
tion in  that  country  as  more  or  less  white  and  marly.  On  this  rests 
dolomite,  generally  of  a  dazzling  whiteness,  affording  the  forms 
to  remarkable  in  the  rocks  of  this  nature,  and  composing  the 


320  Oolitic  Group. 

picturesque  country  between   Oldkusz  and  Cracow,  and  neir 
Kromolow,  Niegowomie,  and  other  places,  rising  to  the  height  of 
1200  or  1400  feet  above  the  sea.    The  upper  part  of  the  dol»- 
mitic  limestone  from  Oldkusz  towards  Zarki,  and  especially  near 
Wladowice,  contains  pisiform  iron-ore ;  it  there  becomes  mixed 
with  a  coarse  sandstone,  and  constitutes  a  problematical  agglome' 
rate  and  red  sandstones.    The  upper  portion  of  the  group  is 
formed  of  gray  and  oolitic  limestones  and  calcareous  agglomerate^ 
and  is  represented  as  passing  into  the  beds  considered  equivalent 
to  the  Wealden  rocks.    The  rocks  of  the  oolitic  group  are  seen  ta 
rest  unconformably  on  the  coal-measures  and  muschelkalk  d 
Poland ;  and  it  is  necessary  to  use  some  caution  not  to  confound 
them  with  the  latter  rock,  when  they  are  in  contact,  as  at  Oldkoa 
and  Nowagora.   Taken  on  the  large  scale,  the  Polish  rocks  of  this 
age  are  stated  to  have  a  general  direction  N.N.W.  and  S.S.E 
From  Wielun  they  plunge  beneath  the  great  plain  of  Poland,  hen 
and  there  appearing  in  islands  above  it,  and  are  considered  to  be 
its  support,  being  met  with  in  sinking  through  it.     The  oiganic 
remains  contained  in  this  deposit  are  stated  to  be  such  as  to  estir 
blish  its  identity  with  the  oolitic  series  of  other  parts  of  Europe*. 
We  have  now  to  consider  a  series  of  equivalent  deposits,  widi 
little  or  no  mineralogical  resemblance  to  those  noticed  above,  oe* 
curring  in  the  Alps,  the  Carpathians,  and  in  Italy.     Numeroos 
memoirs  have  been  written  by  different  geologists,  and  some  have 
even  considered  that  certain  minor  divisions  might  be  established; 
but  it  must  be  confessed, — though  the  evidence  is  greatly  in  favour 
of  a  considerable  development  of  the  oolitic  group,  with  altered 
mineralogical  characters,  in  the  situations  above  noticed, — that  the 
termination  of  the  group  either  above  or  beneath  is  far  from  pot* 
sessing  that  clear  and  certain  character  which  could  be  desired. 
The  mineralogical  character  being  so  different,  recourse  has  gene- 
rally been  had  to  organic  remains ;  there  are,  however,  such  sin- 
gular mixtures  of  these,  in  the  Alps  more  especially,  that  the  dete^ 
mination  of  particular  deposits  is  far  from  certain.     Instead  of 
tender,  soft  marls,  clays,  sands  and  light-coloured  limestones,  we 
have  dark- coloured  marbles,  masses  of  crystalline  dolomite,  gn^ 
sum,  and  schists  approaching  talcose  and  micaceous  slates.    The 
Alps  are  also  particularly  difficult  of  examination,  as  from  the  con- 
vulsions by  which  they  have  been  upraised  or  otherwise  visited, 
whole  mountain  masses  are  thrown  over,  and  the  rocks  really  de- 
posited the  latest  occur  beneath  the  older  strata ;  and  this  not 
in  limited  spaces,  but  over  considerable  distances.     These  dark- 
coloured  rocks  were  during  the  prevalence  of  the  Wemerian  theory 
referred,  as  was  natural,  to  the  transition  class ;  and  we  are  in- 
debted to  Dr.  Buckland  for  first  pointing  out  that  they  were  of 

*  Pusch,  Journal  de  Geologie,  t  iL 
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ecent  origin  :  since  that  time,  other  geologists  have  shown 
ihable  rektive  antiquity  of  different  portions ;  and  among 
M^  Elie  de  Beaumont*  holds  a  distinguished  place,  particu- 
i  respects  Savoy,  Dauphiue,  Provence,  and  the  Maritime 
In  a  note  on  the  geological  position  of  the  fossil  plants 
ilemnUei  found  at  Petit  Cceur  near  M outiers  in  the  Taren- 
)uhlished  in  1828*,  this  author  ohserves  that  the  system 
I  described  by  M.  Brochant  in  his  memoir  on  the  Taren- 
ind  which  in  many  places  contains  considerable  masses  of 
ir  limestone  and  micaceous  quartz  rock,  as  well  as  large 
of  gypsum,  belongs  to  the  oolitic  group.  He  is  of  tms 
I,  as  he  considers  that  the  most  ancient  secondary  rocks  df 
untry,  in  wliich  no  fossil  shells  have  been  found  that  have 
m  discovered  in  the  lower  part  of  the  oolitic  series,  can  be 
to  the  environs  of  Digne  and  Sisteron  (Basses  Alpes), 
they  afford  a  great  abundance  of  those  remains  supposed  to 
racteristic  of  the  lias. 

notice  on  the  geological  position  of  the  fossil  plants  and 
e  found  at  the  Col  du  Chardonnet  (Hautes  Alps),  M.  Elie 
lumont  observes,  that  as  the  traveller  quits  the  Bourg 
s  (Piedmont)  and  approaches  the  continuous  range  of 
termed  primitive,  that  extend  from  the  Monte  Rosa 
( the  mountains  on  the  west  of  Coni,  he  will  perceive  that 
mdary  rocks  gradually  lose  their  original  character,  though 
distinguishing  marks  may  still  be  seen, — thus  resembling 
»umt  piece  of  wood,  in  which  the  ligneous  fibres  may  be 
Tar  beyond  the  part  that  remains  wood  f .  He  has  also  re- 
.  on  the  original  differences  that  may  have  existed  between 
scondary  rocks  of  the  interior  of  the  Alps,  and  those  in  the 
nries  of  other  countries ;  and  thence  concludes,  that  very 
iportance  should  be  attached  to  the  difference  of  mineralo- 
nicture  observed  in  the  beds  above  mentioned,  and  in  the 
jart  of  the  oolitic  group,  occurring  undisturbed  in  other 
r  Europe,  and  of  which  these  Alpiae  rocks  appear  to  him 
arged  prolongation.  The  vegetables  found  by  M.  Elie  de 
ont  in  the  situations  above  noticed,  were  examined  by 
Brongniart,  and  many  were  found  by  him  to  be  generaUv 
le  with  those  discovered  in  the  coal-measures.  The  foL- 
is  a  list  of  thos^  which  he  obtained  from  the  Alps,  appa- 
»11  similarly  situated  as  to  geological  position :  Catamites 
fii,  Ad.  Brong.,  at  Pey-Bicard,  near  Brian9on  (also  in  the 
sasures  of  Newcastle  and  other  places) ;  C.  Cistii,  Ad. 
,  the  same  locality  (also  at  Wilkesbarre  in  Pennsylvania)  ; 
dendron,  2  sp.,  Pey-Ricard  and  Pey-Chagnard,  near  Lamure  ; 

*  Annales  des  Sciences  Naturelles,  t.  ziv.p.  113^ 
t  Ibid.  1S28«  t  XV.  p.  353. 
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StgiUariOf  die  aboye  localities,  and  La  Motte  near  Letnure;  %■ 
maria,  Pey-Chi^ard ;  Nevropterii  gigantea,  Ad.  JBrong.,  Soroi, 
Sayoy  (also  in  tne  coal-measures  of  Bohemia)  ;  N,  tenurfoUOf  AL 
Brong.y  Petit-Cceur,  and  Col  de  Balme  (also  in  coal-measorei  of 
Li6ge  and  Newcastle);  N.flexuosa,  Stem.,  La  Roche  Muoty 
Tarentaise  (also  coal-measures  of  Li^ge  and  Bath) ;  N.  Son^ 
Ad.  Brong.,  same  locality;  N.  rotundifolia,  Ad.  Brong.,  LaRodie 
Macot,  and  Col  de  Balme  (also  in  the  coal-mines  of  Plessis,  Oi^ 
yados) ;  Odontopteris  Brardii,  Ad.  Brong.,  Petit-Cceur  (also  coit 
mines  of  Terrasson,  Dordogne) ;  Od.  obtusa,  Ad.  Brong.,  Col  da 
I'Ecuelle,  near  Chamonix ;  Petit-Cceur  (also  at  Terrasson) ;  A* 
copteris  polymorpha*,  Petit-Coeur  (also  in  the  coal-measures rf 
St.  Etienne,  Alais,  Litoy,  Wilkesbarre);  Pe,  pteroideSf  Ad.  Bronh 
Pey-Chagnard  Yalso  in  coal-measures  at  Li6ge,  Mannebach,  8L 
Etienne,  and  Wilkesbarre) ;  Pe.  arborescens,  Ad.  Brong.,  Yil 
Bonnais,  near  Lamure ;  Petit-Cceur  (also  at  Mannebach  and  AiiU% 
Aveyron) ;  Pe.  platyrachia,  Ad.  Brong.,  Val  Bonnais  (also  at  9t 
Etienne)  ;  Pe.  Beatimontiif  Ad.  Brong.,  Petit-Cceur ;  this  nev 
species  is  described  as  resembling  the  Pe.  nervoia,  Pe.  bifitretlat 
Stem.,  and  Pe.  muricaiaf  Schlot,  found  in  the  eoal-meanres,  ad 
Pe.  tenuiSf  found  in  the  oolitic  series  of  Whitby  and  Borahdm; 
Pe.PlukeneUit  Petit-Coeur;  Col  de  I'Ecuelle  (also  at  Alais);  i^ 
obtusOf  Ad.  Brong.,  Petit-Coeur  (also  in  coal-measures  near  Bath); 
AsterophyUitea  equisetiformis,  Tarentaise  (also  at  Alais  and  Man- 
nebach) ;  Annularia  brevifoUa,  Col  de  Balme  (also  at  Alaiir  tod 
Geislautem  f). 

These  yegetable  remains  are  so  far  associated  with  Belemmlttf 
that  the  latter  occur  both  above  and  beneath  them ;  so  that  that 
can  be  no  doubt  as  to  the  Belemnites  having  existed  previous  to 
and  after  the  vegetable  deposit;  and  therefore  these  localitiea 
would  involve  the  question  of  the  preference  that  should  be  givoi 
to  the  Belemnites  or  to  the  vegetables,  if  M.  Elie  de  BeaimioBt 
did  not  appear  certain  that  the  same  series  of  beds  was  continued 
to  Digne  and  Sisteron,  and  there  contained  characteristic  lias  it* 
mains. 

M.  Necker  de  Saussure  has  described  a  series  of  beds  that  com- 
poses the  upper  part  of  the  Buet  (Savoy),  and  which  constitutes 
the  lowest  cidcareous  deposit  of  that  portion  of  the  Alps,  resting^ 
like  those  above  noticed  at  Petit-Cosur  and  the  Col  de  Chardonet, 
on  older  and  non-fossiliferous  rocks.  The  following  is  a  section,  in 
the  ascendine  order : — 1.  Mica  slate,  which  may  form  part  of  the 
protogine  rocks  of  this  district.  2.  A  sandstone,  formed  of  nume- 
rous grains  oi  quartz,  mixed  with  a  few  ciystaUine  grains  of  fel- 

*  This  species  is  common  in  the  coal-measures  of  France  accordisf 
to  M.  Ad.  Brongniart. 

f  Ad.  Brongniart,  Ann.  des  Sci.  Nat.  Vol.  xiv.  pp.  129,  130. 
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I  toineiimefl  with  a  little  talc  or  cKlorite.  3.  Red  and 
illo-ferruginou8  schist.  This  rock  is  sometimes  wanting 
:tion ;  but  on  the  east  of  the  Valine  de  Vallorsine  it  al* 
with  the  well-known  Vallorsine  conglomerate^  which  is 
ilar  schist,  filled  with  rounded  pehUes  of  gneiss,  mica 
»gine,  &c.,  among  which  we  neitner  obsenretrue  granite 
tone ;— an  important  fact,  as  is  observed  by  M.  Necker, 
sears  to  show  that  the  Vallorsine  granite,  which  cuts 
he  gneiss,  did  not  exist  before  the  formation  of  the  con* 
i,  4.  A  black  schist,  with  impressicms  of  ferns,  the  ye* 
mains  being  converted  into  thin  talc*.  5.  Black  or  dark 
ly  limestone,  filled  with  grains  of  quartz.  6.  A  black 
us  schist,  containing  nodules  of  Lydian  stone.  Ammo- 
found  in  this  rock,  as  also  in  an  argillo-talcose  schist 
emates  with  it.  7.  A  gray  calcareous  and  arenaceous 
itaining  Belemnitesf.  llie  last  bed  constitutes  the  sum* 
i  Buet,  10,099  English  feet  above  the  sea. 
leen  observed  by  M.  £lie  de  Beaumont,  that  the  calca* 
dons  of  these  regions  of  the  Alps  are  separated  from  the 
I  non-fossiliferous  rocks  by  a  sandstone  more  or  less 
hich  passes  into  a  conglomerate,  seen  not  only  at  the 
\  Vallorsine  above  noticed,  but  also  at  Trient,  Ugine, 
Ferri^re,  and  Petit-Coeur.  The  same  circiunstance  is 
e  to  the  east  of  the  Bourg  d'Oisans  and  Huez,  and  in 
;es  $.  This  evidence  of  the  action  of  water  possessing 
velocity  to  transport  coarse  sands  and  pebbles  should  be 
mind,  as,  however  such  sands  and  pebbles  may  have 
e  altered  in  appearance,  it  shows  that  the  deposits  were 
iced  quietly;  though  subsequently,  from  a  change  of 
nces,  and  the  estabushment  of  comparative  tranquniity^ 
s  were  formed.  These  appearances  are  not  confined  to 
r  and  French  Alps,  but  are  seen  on  the  shores  of  the 
Como  and.  of  the.  Gulf  of  La  Spezia.  The  calcareoui 
hich  such  fine  sections  are  afforded  in  the  Lakes  of  Como 
},  are  separated  from  the  gneiss  and  mica-slate  of  the 
Ips,  by  a  conglomerate  composed  of  rounded  piecee  of 

I  crossing  and  wandering  over  the  Col  de  Balme  in  1819,  I 

specimens  of  sandstone  with  impressions  of  plants  upon  them; 

s  I  then  considered,  from  their  general  character,  to  be  such  as 

'  found  in  the  coal-measures  (Geol.  Trans.  2nd  series,  p.  162) ; 

which  has  since  been  confirmed  by  M.  Ad.  Brongniart,  though 

ears  that  they  may  belong  to  a  more  modern  deposit. 

T,  M§m.  sur  la  Valine  de  Vallorsine,  M£m.  de  la  Soc.  de  Phys. 

^aU  de  Gendve,  1828. — For  a  section  of  the  Buet  see  the 

oir ;  and  Sections  and  Views  illustrative  of  Geological  Phaeno- 

17,  fig.  5. 

ie.  Beaumont,  Ann.  des  Sci.  Nat  t.  zv.  p.  354. 
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quartz,  red  porphyry,  and  other  rocks,  associated  with  MiiditMtl 
beds*.  The  limestone  series  incumbent  on  the  conglomartte ii 
in  some  situations  strangely  mixed  with  dolomite  more  or  \m 
crystalline,  as  will  be  noticed  in  the  sequel.  Taken  as  a  maa, 
tlie  limestones  occupy  a  thickness  of  many  thousand  feet,  and  sn 
more  or  less  gray.  They  are  siliceous,  and  contain  seams  of  cbtfl 
in  the  upper  part  (near  Como),  become  slaty,  with  appaiendf 
little  siliceous  matter  in  their  central  parts,  and  are  finally  eoB- 
pact  and  more  thickly  bedded  in  their  lowest  situations.  Amiito* 
nites  greatly  resembling  A,  Bucklandi  and  A,  heteropkylhu  m 
discovered  in  it,  as  are  also  TurritelliB,  and  other  shells.  Anthracite 
is  here  and  there  found.  I  have  little  doubt  that  the  oolitic  group 
is  represented  by  at  least  a  part  of  this  calcareous  mass;  but  hot 
much,  and  what  other  equivalents  there  may  be,  my  present  in- 
formation will  not  permit  me  to  hazard  an  opinion.  The  general 
circumstances  are  however  so  similar,  that  it  does  not  seem  unrea- 
sonable to  conclude  that  the  causes,  whatever  they  were,  which 
produced  the  Vallorsine  conglomerates  and  the  sandstone  asso- 
ciated with  them  in  that  part  of  the  Alps,  were  contemporaneooi 
with  those  which  formed  the  conglomerates  and  associated  saa^ 
stones  of  the  lakes  of  Como  and  Lugano. 

To  present  a  detail  of  the  various  observations  on  those  Alpine 
rocks  which  are  considered  as  referable  to  the  oolitic  group,  wouU 
far  exceed  our  limits;  the  student  will  consult  with  advantaged 
various  labours  of  Studer,  Bou6,  Sedgwick,  Murchison,  Lui  fM 
Lillienbach,  Lusser,  and  others.  There  may  be  occasionally  some 
difference  of  opinion  among  authors,  as  to  where  the  series  m^ 
commence,  or  where  it  may  end;  but  the  main  fact,  the  existence 
of  the  group  itself,  seems  established  beyond  all  doubt.  When  «e 
consider  the  disturbed  nature  of  the  country  to  be  examined,  and 
the  difficulty  of  attaining  certain  situations  perfectly  necessary  to 
a  right  understanding  of  the  subject,  except  under  very  favouralile 
circumstances,  we  should  be  more  surprised  that  so  much  hn 
been  accomplished  in  so  short  a  time,  than  at  finding  discordant 
opinions  on  certain  minor  points. 

Mr.  Murchison  observes  that,  accompanied  by  M.  LiU  tob 
Lillienbach,  he  found  in  the  dark-coloured  limestone  and  shale, 
at  the  gorge  of  the  Mertelbach,  below  Crispel  (Austrian  Alps),*^ 
Ammonites  2  species  (one  approaching  A,  Conybeari),  Pectin  3 
species,  small  Gryphaa^  ^^yt^i  Perna  2  species,  Ostrea,  Coral' 
lines,  &c.  This  group  is  referred  to  the  lias.  An  overlying  red 
encrinite  limestone  contains  several  species  of  Ammoniiet,  and 
some  Belemnites.  According  to  Professor  Sedgwick  and  Mr. 
Murchison,  most  of  the  salt-mines  of  the  Austrian  Alps  are  cofi- 

*  For  a  map,  sections,  and  a  description  of  this  district,  see  Sectieitf 
and  Views  iJlustrative  of  Geological  Phsnomena,  pi.  31,  22. 
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lined  in  the  oolitic  group  (Halstadt,  Aussee,  &c.).  The  upper 
BTt  of  the  oolitic  series  of  this  part  of  the  Alps  contains  semi- 
(jstalline,  hrecciated,  compact,  and  dolomitic  limestones  *. 
I  cannot  conclude  this  sketch  of  the  oolitic  group,  without  ad- 
Efting  to  certain  limestones  of  La  Spezia  which  may  be  referable 
»it  On  the  west  side  of  the  celebrated  Gulf  of  La  Spezia,  there 
a  range  of  mountains  extending  along  the  coast  nearly  to  Le- 
fmto,  Sieir  breadth  augmenting  as  they  advance  N.W.  llie 
actions  of  these  mountains  expose  the  following  rocks,  easily  ob- 
$rved  up  any  of  the  cross  valleys.  The  annexed  wood-cut  exhibits 
section  over  Coregna. 

Coregna.  Fig.  54. 


I.  GKilf  of  La  Spezia.  M.  Mediterranean,  a.  Limestone  series : — 
Jpper  beds  compact  and  gray,  varying  in  intensity  of  tint;  more 
r  less  traversed  by  calcareous  spar;  here  and  there  interstratified 
nth  schistose  beds,  and  even  argillaceous  slate.  The  beds  most 
ommonly  thick.  The  limestone  with  light-brown  veins,  so  long 
nown  by  the  name  of  Porto  Venere  marble,  forms  part  of  these 
leds.  b.  Dolomite : — varying  in  appearance ;  not  unfrequently 
rystalline ;  when  most  so  nearly  white ;  in  some  places  beds  may 
w  distinguished,  in  others  stratification  cannot  be  traced,  c.  Nu« 
nerous  thin  beds  of  dark-gray  limestone,  d.  The  same  kind  of 
Mds  alternating  with  light-brown  schist,  containing  an  abundance 
if  small  nodules  of  iron  pyrites,  BelemniteSy  OrthoceratUes,  and 
immotiiteSf  enumerated  beneath.  The  limestones  which  alternate 
nth  the  schist  become  occasionally  light- coloured  as  they  approach 
he  next  rock,  from  which  however  they  are  separated  by  a  repe- 
ition  of  the  dark-coloured  limestone  and  brown  schist,  e.  Brown 
ihale  which  does  not  effervesce  with  acids.  /.  Variegated  beds: — 
rreenish-blue  and  argillo-calcareous  rocks;  more  or  less  schistose, 
ite  calcareous  matter  being  often  in  very  small  quantity,  g.  Brown 
landstone ; — principally  siliceous,  though  some  of  it  does  contain 
lalcareous  matter.  It  is  sometimes  micaceous,  and  occurs  either 
Q  thick,  thin,  or  schistose  beds.  It  has  sometimes  been  called 
intawacke,  and  it  is  one  of  the  macignos  of  the  Italians. 

The  organic  remains  from  Coregna  were  first  discovered  by  M. 
JQidoni,  of  Massa;  a  few  indications  only  of  the  presence  of  such 

*  Proceedings  of  the  Geological  Society,  1831.    Phil.  Mag.  and  An- 
«lg,  vol.  ix.  1831. 
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bodies  in  the  limestone  under  consideration  having  been  notind 
by  M.  Cordier  some  years  previously.  The  strata  being  perptt* 
dicular,  the  weather  acts  on  the  edges  of  the  shale  beds^  in  wk 
the  remains  are  found,  and  they  are  thus  brought  to  light  At  1117 
request  Mr.  Sowerby  examined  the  remains  that  I  brought  fim 
thence,  and  he  considers  that  out  of  fifteen  different  species  of 
AmmoniteSf  one  seemed  the  same  with  the  A,  erugatus,  PhiL,  db* 
covered  in  the  lias  of  Yorkshire,  while  two- resembled  A.  LitUri* 
and  A.  biformis,  shells  discovered  in  the  coal-measures  of  the  sam 
part  of  England!.  The  remainder  he  considers  undescribed.  Fna 
the  great  scarcity  of  organic  remains  of  these  limestones  in  lit^ 
I  have  inserted  Mr.  Sowerby's  descriptions  of  the  various  spedeii 
together  with  figures,  considering  that  they  may  be  of  service  in 
the  examination  of  other  parts  of  Italy,  as  well  as  Ghreece,  and 
various  countries  eastward. 


Fig.  55. 


Fig.  56. 


Fig.  57.  Fig.  5a. 


Fig.  59. 


Fig.  60. 


Fig.  61. 


Fig.  55.  Ammonites  cylindricus.  Inner  whorls  perfectly  concealed; 
sides  slightly  concave  about  their  centres,  flat  towards  the  margin;  wf 
face  smooth ;  aperture  oblong,  deeply  indented  by  the  preceding  whoril 
the  front  square,  which  distinguishes  it  from  A,  heterophyUuSf  Sow. 

Fig.  56.  A,  Stella,  A  small  portion  of  the  inner  whorls  exposed;  ifci 
sides  rather  convex,  largely  umbilicated;  of  the  inner  whorls  plain;  rf 
the  outer,  two  thirds  covered  by  large  convex  rays ;  aperture  elongatadf 
ite  front  elliptical,  its  inner  angles  truncated. 

Fig.  57.  A.  PhillipsU.  Inner  whorls  almost  wholly  exposed;  wbortt 
slowly  increasing,  about  four,  their  sides  flat,  irregularly  and  obscurely 
undulated ;  aperture  four-sided,  rather  longer  than  wide,  the  sides  nearly 
straight.  The  cast  is  contracted  at  distant  intervals  by  the  periodic^ 
thickening  of  the  edge  of  the  aperture.     Named  in  honour  of  Mr. 

Phillips  f.  ^  . 

Figs.  58  and  60.   A,  hiformU.    Inner  whorls  partly  visible ;  whoni 

three  or  four,  rapidly  increasing,  crossed  by  many  prominent  sharp  iib« 

•  This  shell  is  also  discovered,  according  to  M.  Hoeninghaus,  in  the 
eoal-measures  at  Werden. 
f  Author  of  Illustrations  of  the  Geology  of  Yorkshire. 


OoUtie  Group. 


827 


rib  niddeiiiy  lieecmics  obsemre,  and  ipreads  into  two  ai  it  pastes 
dw  bfomd  ooDYOZ  front ;  aperture  transrcrsely  oblong,  twice  as  wide 
ng,  slightly  arched. 

poa  the  inner  whorls,  which  have  the  firont  plain,  the  ribs  are  con* 
ed  into  round  tubercles.     The  extremities  of  the  longer  ribs  almost 
spines.     This  species  is  found  in  the  coal -measure  near  Leeds, 
g.  59.  A.  LUterL    See  Min.  Con.  tab.  501.    Also  discovered  in  the 
•measures  of  Yorkshire. 

ig.  61.  ji.  Coregnetuit.  Inner  whorls  much  exposed;  whorls  three 
rar,  crossed  by  many  straight,  prominent,  sharp  ribs,  which  bend 
ard,  and  suddenly  terminate  upon  the  nearly  plain  front ;  aperture 
nrersely  obovate. 

his  shell  is  intermediate  between  A,  b^formis  and  A.  planicostata, 
. :  it  is,  however,  nearer  the  former,  as  it  has  tubercles  upon  the 
!r  whorls,  where  A,  plauicostata  is  quite  smooth. 


Fig.  62 


Fig.  63. 


Fig.  64. 


?ig.  65.  Fig.  66. 


Fig.  67. 


Fig.  68. 


'ig.  62.  A,  GmdonL  Inner  whorls  much  exposed ;  whorls  few,  their 
»  flat  and  crossed  by  distant  flattened  ribs ;  each  rib  split,  the  pos- 
er branch  most  prominent,  and  raised  into  a  low  tubercle  before  it 
les  over  the  narrow  convex  margin.  Named  in  honour  of  Sig.  Gui- 
u,  the  discoverer  of  these  remains  at  Coregna. 
?ig.  63.  A.  articulatus.  Inner  whorls  nearly  exposed ;  whorls  few, 
h  divided  by  eight  or  ten  furrows  into  as  many  imbricating  joints ; 
anterior  edge  of  each  joint  elevated,  and  crossed  by  the  edges  of  the 

Is. 

Pig.  64.  A.  dUcrettti,     Inner  whorls  partly  exposed  in  a  large  umbi* 

II;  globose;  whorls  three  or  four,  crossed  by  many  prominent  ribs, 

i^  split  as  they  cross  over  the  convex  front;  keel  sharp,  entire; 

srtve  transversely  oval,  slightly  arched. 

Pig.  65.  A,  ventricosus.    Inner  whorls  slightly  exposed;  whorls  about 

ee;  half  the  fourth  whorl  much  inflated;  sides  ornamented  with  arched 

I,  that  are  often  flattened  and  united  in  pairs  as  they  pass  over  the 

at,  which  in  the  last  whorl  has  a  furrow  along  it;  aperture  circular, 

Se. 

Pig.  66.  A,  comptus.     Inner  whorls  almost  wholly  exposed,  rapidly 
reasing  in  size;  sides  flat;  whorls  crossed  by  very  numerous,  sharps 
light  radii,  which  terminate  in  obscure  spines  tieax  V^<&  tAXtorn  ^iOkXi- 
re  front;  aperture  obloDg,  narrowest  towaxds  the  fcoviX. 
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Fig.  67.  ui.  catenatus.  Inner  whorls  much  ezpcMed;  whodtiipiilf 
increasing,  crossed  by  strong  curved  ribs,  which  enlarge  as  they  appraMi 
the  margin;  front  ornamented  with  a  chain  of  hollow  squares;  apertmi 
rather  square,  notched  by  the  preceding  whorl;  the  hollow  squnci 
around  the  margin  united  by  two  of  their  angles  to  the  extremities  of 
corresponding  radii. 

Fig.  68.  A.  trapezoidalis.  Inner  whorls  exposed ;  whorls  three  or  four, 
rapidly  increasing  in  size,  crossed  by  many  prominent  nearly  equal  ribs 
reaching  to  the  narrow  front ;  aperture  trapezoidal,  indented  by  the  pie- 
ceding  whorl ;  the  acute  angle  truncated  by  the  front. 

The  above  figures  are  all  of  the  natural  size  of  the  AmmoiuUi, 
The  remains  of  Orthoceratifes,  which  abundantly  accompany  the 
Ammonites,  resemble  the  O.  Steinhaueri,  found  in  the  coal-met* 
sures  of  Yorkshire ;  they  also  approach  the  O  ?  elongoHu  of  the 
Dorsetshire  lias.  The  remains  of  Beletnnites  consist  only  of  thdr 
alveoles,  and  are  somewhat  common. 

As  far  therefore  as  the  evidence  of  the  Ammonites  and  Orifttf- 
ceratites  extends,  we  may  refer  the  limestone  of  La  Spezia  eite 
to  the  lias  or  the  coal-measures.  There  will  he  observed  a  curiflw 
correspondence  in  the  organic  character  of  the  rocks  of  the  Savov 
and  French  Alps  above  noticed,  and  considered  as  lias  by  M.  £bi 
de  Beaumont,  with  that  of  the  limestones  of  La  Spezia.  In  ^ 
former,  coal-measure  plants  are  found  with  Belemnites;  in  thi 
latter,  coal-measure  Ammonites  also  occur  with  Belemrdtes.  The 
organic  character  of  the  oolitic  group  in  the  Alps  is  far  from  bdog 
well  ascertained,  and  the  undescribed  organic  remains  found  ii 
the  same  series  of  the  South  of  France  are  exceedingly  numerous 
so  that  it  may  be  possible  to  discover  some  of  the  La  Spezia  Awr 
monites  in  both  situations ;  and  the  organic  remains  of  the  south- 
east of  France,  the  Alps,  and  La  Spezia,  may  hereafter  mutual^ 
assist  in  determining  the  relative  ages  of  the  rocks  in  which  they 
are  discovered  ♦. 

The  dolomite  found  among  the  limestones  of  La  Spezia  rises  « 
perpendicularly,  that  it  might  be  considered  as  a  dyke  elevating 
the  strata;  while  at  the  same  time  it  has  the  appearance  of  an  is* 
eluded  bed,  or  series  of  beds.  It  preserves  a  very  constant  por- 
tion, and  extends  in  a  line  across  the  mountains  of  La  CasteUaiMit 
Coregna,  Santa  Croce,  Parodi,  and  Bergamo,  towards  PignoiMi 
M.  Laugier,  at  the  request  of  M.  Cordier,  very  obligingly  madi 
for  me  an  analysis  of  some  crystalline  dolomite  of  La  CastellaBii 
One  hundred  parts  were  found  to  contain, — carbonate  of  lincb 
55*36 ;  carbonate  of  magnesia,  41*30 ;  peroxide  of  iron  and  tSat 
mine,  2 ;  silex,  0*50 ;  loss,  0'84. 

*  It  should  be  observed,  that  M.  Passini  states  he  hat  disoovered  re' 
ammonitiferous  limestones  in  the  midst  of  sandstones  in  Tuscany,  which 
be  considers  may  be  referred  to  the  same  age  at  the  limestoocs  of  U 
Spexia,     Journal  de  Geologie,  t.  u.  y*  ^^* 
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Thme  limettones  occur  on  the  other  or  eastern  side  of  the  Gulf 
cf  La  Spezia,  and  dolomitic  rocks  are  also  found  amon^  them. 
Hie  mode  on  which  they  repose  on  the  older  rocks  is  particularly 
instructive,  and  is  well  seen  at  Capo  Corvo,  of  which  tne  annexed 
wood-cut  is  a  section,  laid  hare  by  the  sea. 

Fig.  69. 


G. 


bed      efgh     i  k  Im 


n 


G.  Gulf  of  La  Spezia.  M.  Emhouchure  of  the  Magra.  a.  Gray 
cnnpact  limestones  mixed  with  schist  b.  Thick  beds  of  gray 
compact  limestone,  c.  Schist  with  mica.  d.  Thick  beds  of  hard 
ooD^merate,  containing  pieces  of  quartz,  varying  from  the  size 
of  a  pea  to  that  of  a  w^nut,  and  even  larger,  agglutinated  by  a 
■liceious  cement  Two  or  three  beds  of  coarse  sands  are  asso- 
ciated with  this,  e.  The  same,  mixed  with  chlorite  schist,  often 
in  the  same  bed.  The  quartzosc  beds  contain  veins  of  specular 
inm-ore.  /.  Brown  micaceous  and  schistose  beds,  with  a  small 
{■oportion  of  limestone,  ff,  A  mixture  of  brown  and  white  cry- 
•tiUine  limestone,  h.  Compact  chloritic  rock.  t.  White  saccharina 
limestone,  k:  Brown  micaceous  beds.  /.  White  saccharine  lime- 
stone, rendered  schistose  by  mica.  m.  Brown  semi-crystalline 
limestone,  mixed  with  white,  n.  Micaceous  schist,  curving  round 
to  the  eastward. 

The  crystalline  limestones  and  micaceous  schist  of  this  section 
would  seem  to  form  part  of  the  system  of  rocks,  which  in  the 
tieighbouring  mountains  of  M assa  Carrara,  now  again  known  by 
the  name  of  Alpi  Apuani,  furnishes  the  long  celebrated  Carrara 
marbles.  The  gray  limestones  appear  the  same  as  those  on  the 
Western  side  of  the  Gulf  of  Spezia;  but  instead,  like  them,  of  rest* 
nig  upon  a  mass  of  sandstone,  they  repose  upon  a  conglomerate, 
aeen,  between  the  mouth  of  the  Magra  and  Ameglia,  to  become 
far  more  developed  than  at  the  Capo  Corvo  section,  where  it  is  in 
•ome  manner  squeezed  between  the  crystalline  limestones  and  tha 
compact  gray  limestones.  Amid  this  greater  development,  which 
appears  to  mark  an  unconformable  superppsition,  a  conglomerate 
mil  be  observed  (particularly  on  the  shore  of  the  Magra),  closely 
iMembling  that  commonly  known  as  the  Valiorsine  conglomerate, 
and  noticed  above. 

I  cannot  avoid  connecting  this  conglomerate,  and  that  of  tha 
Lake  of  Como,  with  the  conglomerates  and  sandstones  of  the  Val- 
lonine  and  other  parts  of  the  Western  Alps,  and  referring  them 
to  the  same  epocn  of  formation  ;•— one  in  which  water,  with.  & 
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certain  velocity,  ground  down  portions  of  pre-exitting  toAm,  nd 
which  was  succeeded  hj  a  state  of  things  when  a  great  abandmn 
of  carbonate  of  lime  was  deposited.  This  deposit  appean  to  htm 
been  extensivci  not  only  in  the  Alps,  but  in  Italy;  and  in  Im& 
situations,  where  it  occurs  dose  to  the  rocks  of  an  older  dsli^ 
such  as  protogihe,  gneiss,  micaceous  slates,  associated  saccharina 
marble,  and  talcose  rocks  of  that  age,  it  seems  to  be  separatai 
from  them  by  strata  which  mark  a  mechanical  origin.  As  n 
may  suppose  great  inequalities  to  have  existed  during  this  depoH^ 
and  others  immediately  preceding  it,  we  may  perhaps  in  this  wi^ 
account  for  the  almost  close  contact  of  the  gray  compact  limestiMi 
with  the  saccharine  limestone  and  other  associated  rocks  at  Cqpo 
Corvo,  while  on  the  western  side  of  the  gulf  they  rest  on  am» 
ceous  rocks  of  considerable  thickness,  which  again  repoise  on  gny 
idliceo-calcareous  schists  and  sandstones,  that  extena  over  a  cmh 
aiderable  part  of  Li^uria.  How  far  these  beds,  which  separate  (k 
limestones  of  the  Alps,  Liguria,  and  Tuscany,  may  be  equivikit 
to  the  sandstone  found  beneath  the  lias  in  Southern  Germany  idl 
various  parts  of  France,  may  perhaps  be  now  difficult  to  determiiM^ 
but  there  is  a  certain  general  resemblance  which  seems  to  peiit 
to  tha(  conclusion. 

Supposing  that  these  Italian  and  Alpine  limestones  do  repraat 
the  oolitic  series  of  Western  Europe,  (and  it  seems  very  posdii 
that  they  may  do  so,)  it  remains  to  account  for  the  very  giMft 
abundance  of  organic  remains  in  the  one,  and  their  very  gRift 
scarcity  in  the  other.  It  has  often  struck  geologists,  that  son 
deposits  may  have  taken  place  in  shallow  seas,  and  others  in  de^ 
water.  This  mode  of  viewing  the  subject  has,  if  I  mistake  oo^ 
induced  M.  Elie  de  Beaumont  to  considei  that  the  oolitic  series  of 
the  Western  Alps  was  deposited  in  a  deep  sea,  at  the  same  time 
that  the  same  series  was  in  the  course  of  formation  in  shallow  seal 
in  other  places.  This  observation  may  be  extended  into  Italy  and 
Greece,  where  the  absence  or  very  great  scarcity  of  organic  remsioi 
at  this  epoch  seems  to  afford  it  support.  That  great  inequalitiei 
existed  at  all  periods  on  the  earth's  surface  it  seems  fair  to  mfer,  ai 
well  beneath  the  sea  as  on  land.  It  would  be  unphilosophical  to 
conclude  that  marine  animals  were  ever  more  capable  of  support* 
ing  very  considerable  differences  of  pressure  than  at  the  present 
day.  Now  we  know  that  certain  kmds  of  marine  animails,  pa^ 
ticularly  some  Molhuca  and  Conchifera,  are  only  found  on  coaitt 
where  they  can  find  support  beneath  a  moderate  pressure  of  water; 
while  others,  such  as  tne  Nautilid€B,  are  so  provided  with  floatiiig 
apparatus,  that  they  are  discovered  in  parts  of  the  ocean  when 
there  may  be  considerable  depth.  We  have  only  to  consider  that 
in  those  parts  of  Western  Europe  where  organic  remains  are  abar 
dant,  shallow  seas  existed,  whue  the  same  ocean  was  deep,  wiA 
^me  exceptions,  over  that  part  <tf  the  globe  s  surface  where  ve 
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lid  Italy  and  Greece,  and  an  explanation  would  seem  to  be 
dMed,  not  only  of  the  abundance  of  shells  in  one  place,  and 
lUr  icucity  m  another,  but  also  of  the  kind  of  shells  lound ;  for 
■  yet  camerated  shells,  such  as  BelemniteSf  OrihocercUites  and 
Jhmomttiy  have  been  principaUy  discovered  in  these  rocks  of 
ontnl  Italy;  in  other  words,  animals  capable  of  swimming;  in 
iNpieas*.  Organic  remains  are  not  only  scarce  in  the  hme- 
ioMi  in  Italy,  but  also  in  the  sandstones  or  macignos,  which 
•tcur  in  great  thickness  above  and  beneath  them ;  the  organic 
Muini  yet  noticed  in  these  sandstones  being  Fucoidei,  marine 
ijinti  which  may  be  easily  drifted  great  distances,  as  the  Gulf 
rmf  now  is.  The  differences  of  depth  and  consequent  pressure 
■If  also  in  some  measure  account  for  the  different  mineralogical 
tetnre  of  the  rocks  composing  the  oolitic  group  in  different 
illations.  Still,  however,  the  question  of  whence  all  this  great 
■Mi  of  carbonate  of  lime  was  derived  remains  unanswered.  To 
ftteoqit  to  account  for  it  by  means  of  springs  at  all  resembling 
Aoie  we  now  see,  seems  quite  unphilosophical ;  and  to  consider 
it  aitirely  due  to  animals  which  nave  separated  lime  from  the 
Msr,  leaving  their  shells  produced  through  millions  of  ages  to 
kpadually  converted  into  limestone,  appears  also  a  cause  inade- 
fMte  to  the  effect  required,  though  it  cannot  be  denied  that  the 
■■•  of  many  limestones  is  nearly  made  up  of  organic  remains, 
fedi  every  allowance  for  calcareous  deposits  formed  by  roringa 
■i  oiKanie  bodies,  there  remains  a  mass  of  limestone  to  be  ac- 
CBOited  for,  distributed  generally  over  a  very  large  surface,  which 
nipiresa  very  general  production,  or  rather  deposit,  of  carbonate 
rfome,  contemporaneously,  or  nearly  so,  over  a  great  area. 

Organic  Remains  of  the  Oolitic  Group, 

Plantje. 

Alga, 

1.  Fucoides  furcatus.  Ad,  Brong.    Stonesfield  slate.  Ad,  Brong. 

\  1  ■ Stockii,  Ad,  Brong.    Solenhofen,  Ad,  Brong, 

.  S.  • encelloides,  Ad.  Brong,    Solenhofen,  Ad,  Brong, 

Equisetaceee, 

1.  Equisetum  columnare.  Ad,  Brong,      Lower  carbonaceous 
series,  Yorkshire,  Phil,;  Brora,  March, 

*  IL  Guidoni  states,  in  a  memoir  published  in  the  Nuovo  Giomale 
fclettmti  de  Pisa,  1830;  and  the  Journal  de  Geologie,  1831,  that  he 
Im  discovered  in  the  limestone  of  La  Spezia,  not  only  a  variety  oiAm- 
Mritei  referable  to  the  oolitic  group,  but  also  many  other  univalves  and 
Hnhrei ;  among  the  rest,  the  Gryphata  arcuatay  Lam.  (O,  incurveif  Sow.), 
*M  would  appear  to  show  a  state  of  things  at  that  place  more  resem- 
Uag  the  oolite  of  Western  Europe. 
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Filicei. 

1.  Pachypteris  lanceolata,  yid,  Brong,    Coal,  shale,  &c.  betwf 

inferior  and  great  oolite,  Yorkshire,  Phil. 

2.  -  ovata,  Ad,  Brong.    Coal,  shale,  fire,  between 

ferior  and  great  oolite,  Yorkshire,  Phil. 

1 .  Pecopteris  Reglei,  Ad.  Brong.    Forest  marble,  Mamers,  Dei 

2.  Desnoyersii,  Ad.  Brong.     Forest  marble,  Mamei 

Desn. 

3.  polypodioides,  Ad.  Brong,   Coal,  shale,  &:c.  betwec 

combrash  and  great  oolite,  Yorkshire,  PhU, 

4.  denticulata.  Ad.  Brong.    Coal,  shale,  &c.  betwec 

combrash  and  great  oolite,  Yorkshire,  PhU, 

5.  __  Phillipsii,  Ad.  Brona,    Coal,  &c.  of  the  oolitic  i 

ries,  Yorkshire,  Ad.  Brong, 

6.  Whitbiensis,  Ad.  Brong.    Coal,  shale,  &c.  betwo 

cornbrash  and  great  oolite,  Yorkshire,  PhU, 
1.  Sphaenopteris  hymenophylloides.   Ad,  Brong,      Stonesfie 

slate,  Buckl,;     Coal,  shale,   &:c.   betwo 
great  and  inferior  oolite,  Yorkshire,  PhU, 

2, ?  macrophylla.  Ad.  Brong,      Stonesfield  slai 

Buckt 

3.  ■  Williamsonis,  Ad,  Brong.    Coal,  &c.  of  the  ooB 

series,  Yorkshire,  Aa.  Brong. 

4.  crenulata.  Ad,  Brong,     Coal,  &e,  of  the  ooli 

series,  Yorkshire,  Ad,  Brong, 

5.  denticulata,  Ad,  Brong,    Coal,  &c.  of  the  ooli 

series,  Yorkshire,  Ad.  Brong, 
1.  Tseniopteris  latifolia.  Ad,  Brong,     Coal,  shale,  &c,  betwe 

combrash  and  great  oolite,  Yorkshire,  PhU. 
2. vittata,  Ad.  Brong.     Coal,  shale,  &c.  betwe 

combrash  and  great  oolite,  Yorkshire,  PhU, 

Cycadece. 

1.  Pterophyllum  Williamsonis.    Coal,  shale,  &c.  between  eoi 

brash  and  great  oolite,  Yorkshire,  PhU. 

1 .  Zamia  pectinata,  Ad.  Brong.     Stonesfield  slate,  Buckl. 

2.  patens.  Ad.  Brong.     Stonesfield  slate.  Ad.  Brong. 

3.  iongifolia,  Ad.  Brong,     Coal,  shale,  &c.  between  coi 

brash  and  great  oolite,  Yorkshire,  Phil. 

4.  pennaeformis.  Ad,  Brong,   Coal,  shale,  &c.  between  gn 

and  inferior  oolite,  Yorkshire,  PhU. 

5.  elegans,  Ad,  Brong,  Coal,  shale,  &c.  between  great  ai 

inferior  oolite,  Yorkshire,  PhU. 

6.  Goldiasi,  Ad.  Brong.     Coal,  &c.  of  the  oolitic  leiu 

Yorkshire,  Ai*  Brong, 
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7.  Zamia  acuta,  Ad,  Brong,  Coal,  &c.  of  the  oolitic  series,  York- 
shire, Ad,  Brong, 

:  ^ kevis,  Ad,  Brong,  Coal,  &c.  of  the  oolitic  series,  York- 
shire, Ad  Brong, 

9, Youngii,  Ad  Brong,    Coal,  shale,  &c.  between  great 

and  inferior  oolite,  Yorkshire,  PhiL 

10.  Feneonis,  Ad  Brong,    Coal,  &c.  of  the  oolitic  series, 

Yorkshire,  Ad  Brong, 

11.  Mantelli,  Ad  Brong,     Coal,  shale,  &c.  between  great 

and  inferior  oolite,  Yorkshire,  Phil, 
1.  Zamites  Bechii,  Ad  Brong,     Forest  marble,  Mamers,  Dean.; 

Lias,  L}nne  Regis,  De  la  B, 
2-  Bucklandii,  Ad  Brong,     Forest  marble,  Mamers, 

Desn, ;  Lias,  Lyme  Regis,  De  la  B, 

3.  Lagotis,  Ad,  Brong,    Forest  marble,  Mamers,  Desn. 

4.  hastata,  Ad,  Brong,    Forest  marble,  Mamers,  Desn. 

ConifertB. 

1.  Thuytes  divaricata,  Stemh,    Stonesfield  slate,  BuckL 

2. expansa,  Stemh,     Stonesfield  slate,  Buckl, 

3. acutifolia.  Ad,  Brong.     Stonesfield  slate,  Buckl, 

4.  — — -  cupressiformis,  Sternh,     Stonesfield  slate,  Buckl. 
JL  Taxites  poaocarpoides.  Ad  Brong,    Stonesfield  slate,  Buckl, 

LUia, 
1.  Bucklandia  squamosa.  Ad  Brong,     Stonesfield,  Buckl, 

Class  uncertain, 

1.  Mamillaria  Desnoyersii,  Ad  Brong,    Mamers,  Desn, 
Many  undescribed  vegetables.  Lias,  Lyme  Regis,  De  la  B, 

ZOOPHYTA. 

1.  Achilleum  dubium,  Goldf.    Solenhofen,  Goldf, 

2. cheirotonum,  Goldf,  Oolitic  rocks,  Baireuth,  Munst. 

3. muricatum,  Goldf,    Streitberg,  Munst, 

1 tuberosum,  Munst,     Hattheim,  Munst, 

5. cancellatum,  Munst,    Hattheim,  Munst, 

6. costatum,  Munst,     Streitberg,  Munst, 

!•  Manon  Peziza,  Goldf,  Streitberg;  Hattheim;  Giengen;  Re- 
gensberg,  Goldf, 

2. marginatum, it/f^nx^.  Streitberg;  Muggendorf, itf uf»^. 

3.  .  impressum,  Munst,     Muggendorf,  Munst, 

!•  Scyphia  cylindrica,  Goldf,    Muggendorf,  Munst, 

2. elegans,  Goldf,    Thumau ;  Baireuth,  Goldf. 

3. . calopora,  Goldf,    Thumau ;  Baireuth,  Goldf, 

4. pertusa,  Goldf,    Streitberg ;  Baireuth,  Goldf 

^*  ■  texturata,  Goldf,     Giengen,  Wuxtembet^,  Goldf. 
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6.  Scyphia  texata,  Goldf,    Legerberg,  SwitKerland ;  StKi&ecg, 
Goldf. 

7. polyommata,  Goldf,    Baireuth  &  Switzeriand,  Ot)Ujf.  {« 

8. clathrata,  Goldf     Streitberg ;  Baireuib,  Goldf. 

9. '  nullepocata,  Golt^.    Baireuthi  Goldf» 

10.  parallela,  Goldf,    Streitberg,  Mungt. 

Jl.  psilopora,  Goldf    Muggendorf,  Goldf, 

12.  — ■ obliqua,  Goldf,     Muggendorf,  Munst, 

13.  '  ■  rugosa,  Goldf    Streiwerg,  Munst, 

14.  articulata,  Goldf,     Muggendorf,  Goldf, 

15.  pyriformis,  Goldf     Streitberg,  Munst, 

16.  —  radiciformis,  Goldf     Streitberg,  Goldf 

17.  punctata,  Goldf,     Streitberg,  Munst, 

18.  reticulata,  Goldf    Streitberg,  Goldf, 

19.  dictyota,  Goldf     Streitberg,  Munst, 

20.  procumbens,  Goldf,    Baireutb,  Goldf 

21.  • paiadoxa,  Munst,    Streitberg  &  Amberg,  Munst, 

22.  — ^ empleura,  Munst,     Streitberg,  Munst, 

23.  striata,  Munst,    Streitberg  &  Muggendorf,  MmuL 

24.  Bucbii,  Munst,     Streitberg,  Munst, 

25.  Mimsteri,  Goldf,    Regeu^urg ;  Streitbeig,  Goldf. 

26.  propinqua,  Munst,  Streitberg ;  Muggendorf,  MwuL 

27.  cancellata,  Munst,    Streitberg ;  Muggendorf,  Mund. 

28.  decorata,  Munst,     Muggendorf,  Munst, 

29.  Humboldtii,  Munst,     Muggendorf,  Munst, 

30.  Stembergii,  Munst,     Streitberg,  Munst, 

31.  Schlotheiraii,  Munst,    Thumau;  Streitberg,  Munit. 

32.  Schweiggeri,  Goldf,     Baireutb,  Goldf, 

33.  secunda,  Munst,    Heiligenstadt ;  Streitberg,  Mtmst* 

34.  verrucosa,  Goldf,    Streitberg  &  Wurgau,  Golt^. 

35.  Bronnii,  Munst,    Wurtemberg  &  Baireutb,  MuntL 

36.  milleporacea,  Munst,  Thurnau;  Aufsees;  Streitbei;^, 

Munst, 

37. pertusa,  Goldf,    Streitberg  &  Amberg,  Goldf, 

38.  intermedia,  Munst,    Hattneim ;  Streitberg,  MttM^ 

39.  Neesii,  Goldf,    Streitberg,  Goldf, 

1.  Tragos  pezizoides,  Goldf,    Muggendorf,  Goidf 

2.  Palella,  Goldf    Wurtemberg  &  Switzerland ;  Raben- 

stein;  Heiligenstadt,  Goldf 

3.  spbterioides,  Goldf   Sigmaringen,  Wurtemberg,  Gal^- 

4.  tuberosum*,  Goldf  Inferior  Oolite,  Rabenstein;  Streit- 

berg, Munst, 

5.  acetabulum,  Goldf    Streitberg ;  Randen,  Goldf, 

6.  radiatum,  Munst.     Streitberg,  Munst, 

7.  rugosum,  Munst.    Streitberg,  Munst, 

*  Limttf^rea  iamellosa  of  LamsnnoxnL  according  to  M.  GddAiii- 
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8,  I^mgoB  reticulAtum,  Mutut    Streiiberg,  MumU 

9.  vemicosum,  Murut,    Streitberg,  Munst, 

.  1.  Spongia  fl<»icepB,  PhiL    Coral  Oolite,  Yorkghire,  Phil, 
2,  davaroides,  Lam,     Great  Oolite,  Wiltshire,  Lons, 

'   '      ,  species  not  determined.      Lower  Calcareous  Grit, 
lorksbire,  Phil,;    Inferior  Oolite,   Middle  and 
South  of  England,  Conyb, ;  Forest  Marble,  Wilt- 
shire, Loru. 
Alcyonium,  species  not  determined.     Forest  Marble,  Nor- 

uuindy,  De  Cau,;  Great  Oolite?  Wilts,  Lons. 
1 .    Cnemidium  lamellosum,  Goldf,    Randen,  Switzerland,  Goldf. 

2. stellatum,  Goldf.    Randen,  Switzerland,  Goldf 

3.   — striato-punctatum,  Goldf     Randen,  Goldf 

4. rimulosum,  Goldf    Randen,  Goldf 

5.  — mammillare,  Goldf     Streitberg,  Goldf 

6.   Rotula,  Goldf     Thumau,  Goldf 

7. granulosum,  Munst,     Streitberg,  Munst, 

8.  — astrophorumjMimj^.  Hattheim ;  KegenheTgyMunst. 

9.  • ci^itatum,  Munst,     Amberg,  Munst, 

.  1.  liinmorea  mammillaris*,  Lam^,     Forest  Marble,  Normandy, 

De  Cau. 
1.  Siphonia  p3niformis,  Goldf     Streitberg,  Goldf 
1.  Mjnrmecium  hemisphsericum,  Goldf    Thumau,  Goldf 
I.  Gorgonia  dubia,  Goldf     Glucksbrunn,  Thuringia,  Goldf, 
1.  Millepora  dumetosa.  Lam*.    Forest  Marble,  Normandy,  De 
Cau, 

2. corymbosa.  Lam*,    Forest  Marble,  Normandy,  De 

Cau, 

3, conifera.  Lam*,  Forest  Marble,  Normandy,  DeCau. 

'^\     4. . pyriformis,  Lam*.     Forest  Marble,  Normandy,  De 

Cau, 

5. macrocaule.  Lam*.    Forest  Marble,  Normandy,  De 

Cau, 

^  I    6. straminea,  Phil,      Great  Oolite  and  Combrash, 

*}i^  Yorkshire,  Phil, 

\        ^  species  not  determined.      Combrash  and  Forest 

Marble,  North  of  France,  Bohl. ;  Forest  Marble, 
.  s«|  Mamers,  Normandy,  Desn, ;  Forest  Marble  and 

f  Great  Oolite,  Wiltshire,  Lons, 

V,  Qi        Madrepora,  species  not  determined.   Bradford  Gay,  North  of 
j:i  France,  Bohl.;    Coral  Rag,  Normandy,  De 

Cau, ;  Portland  Stone,  Wiltshire,  Conyb. ;  In- 
^,  I  ferior  Oolite,    Mid.   and  South  of  Fngland, 

Conyb,;  Mauriac  Beds,  S.  of  France,  De«/r. 

*  Is  this  lAmnorea  mammiUosa,  Lam.  ?    If  it  be,  it  is  the  Cnemidium 
^^^rotum  of  Goldfuss. 
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Eschara,  species  not  determined*    Forest  Marble,  Normindy, 

De  Cau,  . 

1.  Cellepora  orbiculata,  Goldf,  Streitbeig,  ATuim^.  ;  OzfordCltff, 

Haute  Saone,  Thir, 

2.  ■  echinata,   Goldf,    Inferior  Oolite,  Haute  Saone, 

Thir. 
,  species  not  determined.     Inferior  Oolite,  Midland 

and  Southern  England,  Cmyh. 

Retepora? .     Great  Oolite,  Yorkshire,  Phil, 

Flustra,  species  not  determined.     Great  Oolite,  Wiltshire, 

Lons, 

1.  Ceriopora  radiciformis,  Goldf,    Thumau,  Baireuth,  Goldf, 

2.  striata,  Goldf     Streitherg ;  Thumau,  MunsU 

3.  angulosa,  Goldf    Thurnau,  Munst, 

4.  alata,  Goldf    Thurnau,  Munst, 

5.  crispa,  Goldf    Thumau,  Munst, 

6.  favosa,  Goldf     Streitherg ;  Thumau,  Munst, 

7.  radiata,  Goldf    Thumau,  Munst, 

8.  compressa,  Munst,    Thumau,  Munst, 

9. orhiculata,         .     Inferior  Oolite,  Haute  Saone, 

Thir. 

1.  Agaricia  rotata,  Goldf,     Randenherg,  Switzerland,  Goldf 

2.  crassa,  Goldf.     Randen,  Switzerland,  Goldf. 

3.  granulata,  Munst.     Bale ;  Hattheim,  Munst, 

1.  Lithodendron  elegans,  Munst.     Wurtemberg,  Munst, 

2.  compressum,  Munst.  Heidenheim,  Wurtembei]g, 

Munst. 

1.  Caryophyllia  cylindrica,  Phil.  Coralline  Oolite,  Yorks.,  PhiL 

2.  truncata.  Lam*.    Forest  Marble,  Normandy,  Ik 

Cau. 

3.  •  Brebissonii,  Lam*.    Forest  Marble,  Normand)^, 

De  Cau. 

4. convexa,  Phil.    Inferior  Oolite,  Yorkshire,  PhU 

5 .  like  C.  cespitosa,  Ellis.  Coral  Oolite,  Yorks. ,  PIA; 

Great  Oolite,  Mid.  and  S.  of  England,  Conyh. 
(5.  « like  C.  flexuosa,  Ellis.     Coral  Oolite,  Yorkshire 

Phil.;   Great  Oolite,  Midland  and  Southen 

England,  Conyh. 
7.  approaching  C.  Carduus,  Park.  Coral  Rag,  Grw* 

Oolite,  Middle  and  South  of  England,  Conjfft. 
,  species  not  determined.     Inferior  Oolite,  Nordi 

of  France,   Bohl.;     Rochelle   Beds,  Dvfr-i 

Forest  Marble,  Mamers,  Normandy,  Dtt^'f 

Forest  Marble,   Bradford  Clay,    and  Great 

Oolite,  Wiltshire,  Lons. 
1.  Anthophyllum  turbinatum,  MunsU    Hattheim;  Heidenhdoiv 

jAfunst. 
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t  AnthophyDum  obconicum,  Mwut,    Hattheim ;  Heidenheim, 

Munst, 
S.  — ^— — —  decipiens,  Goldf,    Alsace,  Goldf, 
2,  Pungia  orbiculites,  Lam*,     Forest  Marble,  Normandy,  De 
Cau, ;  Combrash,  Wiltshure,  Lona, 

i  species  not  determined.     Inferior  Oolite,  Midland 

and  Soutbem  England,  Conyb, 
7.   Cydolites  elliptica,  Lam,      Inferior  Oolite,  Midland  and 

Soutbem  Bngland,  Conyb, 
,  species  not  determined.    Bradford  Clay,  Midland 
and  Soutbem  England,  Conyb. 
[ .   Turbinolia  dispar,  Phil,    Coral  Oolite,  Yorkshire,  Phil, 

,  species  not  determined.     Inferior  Oolite  and  Lias, 

Nortb  of  France,  Bobl, 
.   Turbinolopsis  ocbracea,  Lam",     Forest  Marble,  Normandy, 

De  Cau, 
.    Cyatbopbyllum  Tintinnabulum,  Goldf,    Banz  ;  Stafifelstein ; 

Bamberg,  Goldf, 

J. Mactra,  Goldf,    Banz ;  Bamberg,  Goldf, 

..    Meandrina  Soemmeringii,  Munst,    Hattbeim;  Heidenbeim, 

Munst, 

5.   — astroides,  Goldf,    Coral  Rag,  Haute  Saone,  TTiir, ; 

Giengen,  Goldf, 
J.  tenella,  Goldf,    Giengen,  Goldf, 

— f  species  not  determined.    Inferior  Oolite  and  Coral 

Oolite,  Yorks.,  Phil, ;  Inferior  Oolite  ?  Midi,  and 
Soutbem  England,  Conyb, ;  Kimmeridge  Clay, 
Haute  Saone,  Thir, ;  Great  Oolite,  Wilts,  Lons, 

1.  Astrea  Microconos,   Goldf,     Biberbacb,  near  Muggendorf, 

Goldf. 

2.  limbata,  Goldf,    Giengen,  Goldf, 

3.  concinna,  Goldf,    Giengen,  Goldf, 

4. pentagonalis, il/tfn«^.  Hattbeim;  Heidenbeim, ilftt;2«<. 

6. gracilis,  Munst,     Boll,  Wurtemberg,  Munst, 

6. explanate,  Munst,    Wurtemberg,  Munst, 

7. tubulosa,  Goldf,    Wurtemberg,  Goldf, ;  Coral  Rag, 

Haute  Saone,  Thir, 
8. oculata,  Goldf,   Giengen,  Goldf, ;  Coral  Rag,  Haute 

Saone,  Thir, 

9. alveolata,  Goldf,    Heidenbeim,  Wurtemberg,  Goldf. 

10. beliantboides,  Goldf  Heidenbeim;  Giengen,  Gold/,; 

Inferior  Oolite,  Coral  Rag,  Haute  Saone,  Thir, 
U. confluens,  Goldf,     Heidenbeim  ;    Giengen,  Goldf, ; 

Coral  Rag,  Haute  Saone,  Thir, 
^2.  -»  caryopbylloides,  Goldf,  Giengen,  Goldf, ;  Coral  Rag, 

Haute  Saone,  Thir. 
^3.  — —  cristata,  Goldf.     Giengen ;  Heidenbeim,  Goldf. 
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14.  Astrea  sexradiata,  Gold/,    Giengen,  Gold/. 

15. favosioides,  Smith.    Coral  Oolite,  Yorkshire,  Phil; 

Coral  Rag  and  Great  Oolite,  Midland  and  Southern 
England,  Conyb, 

16.  inaequalis,  Phil,    Coral  Oolitei  Yorkshire,  Phil. 

17.  micastroni  Phil.    Coral  Oolite,  Yorkshire,  Phil. 

18.  arachnoides,  Flem.    Coral  Oolite,  Yorkshire,  Phil. 

19.  tuhidifera,  PhU.    Coral  Oolite,  Yorkshire,  Phil. 

20.  resemhling  A.  siderea.    Inferior  Oolite,  Midland  and 

Southern  England,  Conyb.  \ 
,  species  not  determined.    Coral  Rag,  Normandy,  nu- 
merous, De  Cau. ;  Great  Oolite,  Imdland  and  South- 
ern England,  Conyb. ;  Lias,  Hebrides,  Murch.;  Great 
Oolite,  Wiltshire,  Lons. 

1.  Aulopora  compressa,  Goldf.  Rabenstein;  Grafenberg,  3/«iii^ 

2.  dichotoma,  Goldf.,  Streitberg,  Goldf. 

1.  Entalophora  cellarioides.  Lam*.    Forest  Marble,  Nonnandjr, 

De  Cau. 
Favosites,  species  not  determined.    Forest  Marble,  Mamen, 
Normandy,  Deen. 

1.  Spiropora  tetragona,  Lam*.    Forest  Marble,  Normandy,  Ik\ 

Cau. 

2.  csespitosa,  Lam*.    Forest  Marble,  Normandy,  Ik  \ 

Cau. ;  Great  Oolite,  Wiltshire,  Lons,  j 

3.  — —  elegans.  Lam*.  Forest  Marble,  Normandy,  De  Can.  \ 

4.  intricata,Zflm*.  Forest  Marble,  Normandy,  2)«(7(iii.  | 

1.  Eunomia  radiata,  Lam*.  Forest  Marble,  Normandy,  De  Cau,; 

Great  Oolite,  Wiltshire,  Lons.  \ 

1.  Crysaora  damsecomis.  Lam*.   Forest  Marble,  Normandy,  Df 

Cau. ;  Great  Oolite,  Wiltshire,  Lons. 

2,  spinosa,  Lam*.    Forest  Marble,  Normandy,  De  Ces. 

1.  Theonoa  clathrata,   Lam*.    Forest  Marble,  Normandy,  Di 

Cau. ;  Great  Oolite,  Wiltshire,  Lons, 
1.  Idmonea  triquetra.  Lam*.    Forest  Marble,  Normandy,  Df 

Cau. ;  Great  Oolite,  Wiltshire,  Lons, 
1.  Alecto  dichotoma,  Lam*.     Great  Oolite,  Wiltshire,  Loiu.; 
Forest  Marble,  Normandy,  De  Cau, 

,  species  not  determined.    Inferior  Oolite,  Midlaid 

and  Southern  England,  Conyb. 
1.  Berenicea  diluviana,  Lam*.    Great  Oolite,  Wiltshire,  Lont'i 
Forest  Marble,  Normandy,  De  Cau. 

f  species  not  determined.  Great  Oolite,  Haute  SaoD«» 

Thir. ;  Forest  Marble,  Wiltshire,  Lons. 

1.  Terebellaria  ramosissima,  Lam*.    Forest  Marble  and  Great 

Oolite,  Somerset,  Lons. ;  Forest  Marble,  No^ 
mandy,  De  Cau, 

2.  — — —  Antilope,  Lam*.  For.  Marble,  Normandy,  De  Ces- 
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1.  Cellaria  Smidiii,  PhiL    Corabrash,  Yorkshire,  Phil. 
1.  Thamnniteria  Lamourouxii,  Le  Sauvage,    Coral  Rag,  Nor- 
mandy, De  Can. 
1.  Ezplanaria,  species  not  determined.  Inferior  Oolite,  Midland 

and  Southern  England,  Conyh, 
'  ■,  species  not  determined.  Great  Oolite,  Wilts,  Lons, 
Folypifers,  genera  not  determined.  Lias  (rare),  Lyme  Regis, 
De  la  B, ;  Lias  (rare),  Yorkshire,  Phil, ;  Lias 
(rare),  Normandy,  De  Can, ;  Coral  Raff  (nu- 
merous), North  of  France,  Bobl, ;  Coral  Rag 
(abundant).  Burgundy,  Beautn. ;  Coral  Rag 
(abundant).  South  of  France,  Dufr, 

Radiaria. 

I.  Cidaris  florigemma,  Phil,    Coral  Oolite,  Yorkshire,  Phil. 

I,  •  intermedia,  Park.    Coral  Oolite,  Yorkshire,  Phil. 

I,  —  monilipora,  Y.  ^  B,    Coral  Oolite,  Yorkshire,  Phil. 

t.  ■  —  vagans,  Phil.  Calcareous  Grit,  Combrash,  and  Great 

Oolite,  Yorkshire,  PhU. 
J,  >—  crenularis,  Lam.    Coral  Rag,  Midland  and  Southern 

England,  Conyh. 
B.            '    '  omata,        .    Bradford  Clay,  North  of  France,  Bobl. 
7.  ■  globata,  Schlot.    Coral  Rag,  North  of  France,  Bobl. 

6.  •  maxima,  Murut.    Baireuth ;    Hohenstein,  Saxony, 

MuTUt. 

9.  — »-  Blumenbachii,  Munst.  Thumau,  Muggendorf,  Pretz- 
feld  and  Theta,  Goldf. 

10. nobilis,  Munst.    Baireuth,  Munet. 

11. elegans,  Munst.    Baireuth,  Munst, ;  Kelloway  Rock, 

Haute  Saone,  Thir. 

12, marginata,  Goldf.    Regensburg,  Heidenheim,  Goldf. 

13.  — «—  coronata,  Goldf.  Coral  Rag,  Midland  and  Southern 
England,  Conyb.  Streitberg,  Thumau,  StaSelstein, 
Heidenheim,  Randen,  Goldf. 

14. propinqua,  Munst.    Streitberg,  Munst. 

15.  __  glandifera,  Goldf.  Altdorf,  Bavaria ;  Wurtemberg ; 
Randen,  Goldf. 

16. Schmidelii,  Munst.    Dischingen,  Switzerland,  Munst. 

17. subangularis,  Goldf.    Thumau;  Muggendorf,  Goldf. 

18.  — —  variolaris,  Al.  Brong.  Streitberg,  Regensburg,  Hei- 
denheim, Goldf. 
— — ,  species  not  determined.  Inf.  Oolite,  Yorkshire,  Phil.; 
Lias,  Lyme  Regis,  De  la  B. ;  Combrash,  Bradford 
Clay,  Great  Oolite,  Inferior  Oolite  and  Lias,  Mid- 
land and  Southern  England,  Conyb.;  Coral  Rag, 
Forest  Marble,  Normandy,  De  Cau. ;  Forest  Mar- 
ble, Great  Oolite,  Wiltshire,  Lons. 
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Cidaris,  spines  of.     Great  Oolite  and  Lias,  Yorksbire,  PVl; 
Lias,  Mid.  and  South  of  Engluid,  Comfb,;  Oo^ 
beds,  Lower  System,   Soum  of  France,  Botl; 
CoraJ  Rag,  Normandy,  Desn, ;  Ck>ral  Rag^  Haute 
Saone,  Thir.  j 

1.  'Echinus  germinans,  Phil,   Coral  Oolite,  Calcareous  Grit,  and  | 

Great  Oolite,  Yorkshire,  Phil, 

2.  lineatus,  Goldf,    Regensburg,  Bdle,  Goldf. 

3.  — excavatus,  Leske,    Regensburg,  Goldf. 

4.  — nodulosus,  Munst.    Baireutb,  Mun^t, 

5.  hieroglyphicus,  Goldf,  Regensburg ;  Tbumau,  GoUf, 

6.  sulcatus,  Goldf   Tbumau;  Streitberg;  Muggendorf; 

Heidenheim,  Goldf 

,  species  not  determined.  Coral  Rag,  North  of  France, 

Bohl 

1.  Galerites  depressus.  Lam,    Wurtemberg;  Bavaria,  Goldf.; 

Coral  Oolite,  Calcareous  Grit,  Combrasb,  York- 
shire, Phil, ;  Oxford  Clay,  Normandy,  Detn, ; 
Oxford  CW,  Haute  Saone,  Thir,  /  Hohenstein, 
Saxony,  Munst, 

2.  speciosus,  Munst,  Heidenheim,  Wurtemberg,  Munst. 

3.  Patella,         .     Oxford  Clay,  Normandy,  Desn, 

1 .  Clypeaster  pentagonalis,  Phil.   Calcareous  Grit,  Yorks.,  PkiL 

,  species  not  determined : — Coral  Rag,  Normandy, 

De  Cau,   Kimmeridge  clay.  Haute  Saone,  Ilur- 

1.  Nucleolites  scutatus,         .     Oxford  Clay,  Normandy,  Detn. 

Oxford  Clay,  Haute  Saone,  Thir, 

2.  columbarius,  .     Combrasb,    Forest   Marble, 

North  of  France,  BobL 

3. granulosus,  Munst,    Amberg;  Streitberg;  Wiiigan, 

Munst. 

4.  semiglobus,  Munst.    Pappenheim;  Monheim ;  Ba- 

varia, Munst. 

5.  excentricus,  Munst.    Keblbeim,  Bavaria,  Mutat. 

6.  canaliculatus,  Munst.      Blaubeuren,  Wurtembergi 

Munst. 

,  species  not  determined : — Oxford  Clay,  North  rf 

France,  Bobl. 
1.  Ananchytes  bicordata.     Oxford  Clay,  Normandy,  Desn. 

1 .  Spatangus  ovalis.  Park.    Coral  Oolite,  Calcareous  Grit,  Kel- 

loway  Rock,  Yorkshire,  Phil. 

2.  intermedius,   Munst.     Blaubeuren,  Wurtembeig» 

Munst. 

3.  carinatus,  Goldf    Baireutb,  Wurtemberg,  Goldf. 

4.  capistratus,  Goldf  Baireutb,  Goldf  ;  Oxford  Clayi 

Haute  Saone,  Thir. 
,  species  not  determined : — Combrasb,  Forest  Ma^ 
Die,  Mofrth  of  Yiance,  Bob\, 
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1.  (3ypeiii  lini^ttiiSy  Park,    Coral  Oolite,  Yorkshire,  Pkil. ; 
Coral  Rag,  Combrash,  Great  Oolite,  Inferior  Oo- 
lite, Mid.  and  Southern  England,  Conyb,;  Forest 
Marble,  Normandy,  De  Cau, 
1  —  emaiginatuB,  Phil.   Coralline  Oolite,  Yorkshire,  PkU, 
3. dnnicularis,  Smitk,    Coral  Oolite,  Combrash,  York- 
shire, PhU. ;  Coral  Rag,  Combrash,  Great  Oolite, 
Inferior  Oolite,  Midland  and  Soudiera  England, 
Conyh. ;  Forest  Marble,   Normandy,    De   Cau. ; 
Cored  Rag,  Weymouth,  Sedg» 

4. dimidiatus,  PhU,    Coral  Oolite,  Yorkshire,  PhiL 

5. semisulcatus,  PhiL    Coralline  Oolite,  Yorkshire,  PkU, 

6.  — —  orbicularis,  PhU,    Combrash,  Yorkshire,  PhU, 

,  species  not  determined ; — Combrash,  Great  Oolite, 

Wiltshire,  Lom, 
Echinites,  genera  not  determined.    Inferior  Oolite,  Nor- 
mandy, De  Cau, 
,  spines  of.  Coral  Rag,  Burgundy,  Beaum, ;  Coral  Rag, 
North  of  France,  Bobl, ;  Forest  Marble,  Mamers, 
Deen, ;  Mauriac  beds.  South  of  France,  Dufr, 
1.  Encrinites  echinatus,  Schlot.    Oxford  Clay,  Haute  Saone, 

Tkir. 
1  — —  mespiliformis,  Scklot.    Kimmeridge  Gay,  Haute 

Saone,  Thir, 
1.  Eugeniacrinites  caryophyllatus,  Goldf,     Baireuth  \  Wurtem- 

berg;  Switzerland,  Goldf, 

1 mutans,  Go/<^/*.  Streitberg;  Muggendorf,  Goldf, 

3. pyriformis,  Murut,     Randen,  Goldf, 

4. moniliformis,  Munst,    Thumau ;  Streitberg ; 

Switzerland,  Goldf. 
5.  -^-^— — ^—  Hoferi,  Munst,    Switzerl.  Streitberg,  Goldf, 

1.  Apiocrinites  rotundus,  MUler,    Forest  Marble,  Normandy, 

De  Cau, ;  Bradford  Clay,  Great  Oolite,  Mid. 

and  S.  England,  Conyh,;  Forest  Marble, 
«  Buckl,  ;  Great  Oolite,  Alsace,  Al,  Brong, ; 
^         Forest  Marble,  Normandy,  De  Cau, ;  Forest 

Marble,  Wiltshire;   Great  Oolite,  Somerset, 

Lone, ;  Germany ;  Alsace,  Goldf, 

2.  ■'  Prattii,  Gray,    Great  Oolite,  Somerset,  Lone, 

3. elongatus,  miller,  BMe  ;    Soleure ;  Elsas,  near 

BSbrt,   Alsace;  Forest    Marble,  Normandy, 
Goldf 

4.  -  rosaceus,    Scklot,      Canton    Soleiu*e ;    Elsas ; 

Muegendorf,  Golt^, 

5.  «  mespuiformis,  Schlot,    Heidenheim ;  Giengen, 

Gol4f, 
6. MiUeri,  Scklot    Wurtembeig,  Gokff, 


342  Organic  Remains  of  the  OMie  ^Cfnrtip. 

7.  Apiocrinites  flexuosusi  Goldf,    Wurtemberg,  Ool^, 

8,  subconicus,  Goldf.    Bath,  G(Um, 

1.  Pentaorinites  vulgaris,  SchloU  Cornbrash,  Coral  Oolite,  od 

Lias,  Yorks.,  PhiL;  Inf.  Oolite,  and  liu^ 
Midi,  and  S.  England,  Conyh.;  Lias,  Alsae^ 
Gundershofen,  Figeac,  ALBrong, 

2.  .  subangularis,  Miller.    Inferior  Oolite  and  Liai^ 

Midland  and  Southern  England,  Conyh. ;  LiUi 
Bapz ;  Boll,  Goldf. 

3.  Briareus,  Miller.    Lias,  Midland  and  Southcn 

England,    Conyh. ;    Lias,   Yorkshire,  PUL 

Lias,  Banz ;  Boll,  Golt^. 
4. basaltijformis,  Miller.  Lias,  Midland  and  Sooth 

em  England,    Conyh.;    Lias,  Akaoe,  Voltx 

Baireuth ;  Banz;  Boll,  Goldtf. 
5. tuberculaJtus,  MiUer.    lias,  Midland  and  Sooth 

em  England,  Conyh.;  Lias,  Alsace,  FoUx. 

6.  subteres,    Gol^.    (Var.)  Oxford  Oay,  Haofa 

Saone,  Thir. 

7.  '    ■      Jurensis,  Munst.    Coral  Rag,  Haute  Saone, 

8.  ..  scalaris,  Goldf.     Baireuth ;  Banz ;  Boll,  (7i 

9.  cingulatus,  Munst,    Streitberg;  Thumau, 

10.  pentagonalis,  Goldf.    Streitb^g ;  Thumau ; 

Goldf. 

11.  ^ — l^ moriTlueruSf  Mwist,    Lias,  Bairettth,  GoUjf. 

12.  subsulcatus,  Munst.     Lias,  Baireuth,  Goldf. 

13.  subteres,  Munst.    Streitberg,  Goldf. 

14.  7  paradoxus,   Goldf.     Baireuth;    Wurtembeig^ 

Goldf. 

y  species  not  determined.     Forest  Marble,  N<l^ 

mandy,  De  Can.  Bradford  C3ay,  North  of 
France,  JBobl.;  Combrash,  Forest  MarUe, 
Ijhreat  Oolite,  Midland  and  Southern  Englasi 
Conyb.;  Inferior  Oolite,  Wotton-under-Edge^ 
Forest  Marble,  Great  Oolite,  Somerset,  Xoni> 

1.  Solanoorites  costatus,  Goldf.    Giengen;  Heidenheim,  Wir 

temberg,  Goldf. 

2.  '    scrobiculatus,  Munst.  Streitberg ;  Thumau,  GoAjf. 

3.  Jaegeri,  Goldf,    Baireuth,  Goletf. 

1.  Rhodocrinites  echinatus,  Schlot.      Amberg;    Wurtembo^i 

Switzerland;  Berrach,  Goldf. 

1.  Comatula  pinnata,  Goldf.    Solenhofen,  Goldf. 

2.  ■    ■        tenella,  Goldf.    Solenhofen,  Goldf. 

3.  pectinata,  Goldf.    Solenhofen,  Goldf. 

4.  nliformis,  Goldf.   Solenhofen,  GoUf. 

1.  Ophiura  Milleri,  Phil.     Lias,  Yorkshire,   Phil.;   InfeW* 
Oolite  san^,  Bndiigoit,  IXe  (a  B. 
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2.  Ophhira  speciosa,  Munst     Solenbofen,  Goldf, 

3. carinata,  Munst,    Solenhofen,  Goldf, 

'  1.  Asterias  himbricab's,  Schlot,    Walzendorf,  Cobnrg ;  Lichten- 
fels,  Bamberg,  Goldf, 

2. lanceolata,  Goldf,  Walzendorf ;  Lichtenfels,  Goldf. 

3. arenicola,  Goldf,     Porta  Westphalica,  Goldjf, 

4,  •    '  Jurensis,  Munst,  Hattheim,  Wurtemberg ;  Baireutb, 

Goldf 
5. tabulata,  Goldf,     Streitberg,  Goldf, 

6.  scutata,  Gold/,    Streitberg ;  Heiligenstadt,  Goldf. 

7.  stellifera,  Goldf,    Streitberg,  Golty". 

8.  prisca,  Goldf    Wasseralfingen,  Schuhher. 

Annulata. 

1.  Lumbricaria  Intestinum,  Munst,    Solenbofen,  Goldf 

2.  Ck>lon,  Munst,    Solenbofen,  GMf, 

3.  ■  recta,  Munst.    Solenbofen,  Goldf, 

4.  — —  gordialis,  Munst.    Solenbofen,  Goldf, 

5.  — — —  coniugata,  Munst.    Solenbofen,  Groldf. 

0,  ___-  Filaria,  Munst,    Solenbofen,  Goldf 

1.  Serpula  squamosa,  Bean.    Coral  Oolite,  Yorksbire,  Phil. 

2. lacerata,  Phil,    Calcareous  Grit,  and  Great  Oolite, 

Yorksbire,  Phil, 
3. intestinalis,  Phil.     Oxford    Clay,    and    Combrasb, 

Yorksbire,  Phil. 

4. deplexa,  Bean.     Inferior  Oolite,  Yorksbire,  Phil. 

5. capitata,  PhU.    Lias,  Yorkshire,  PhU, 

6. quadrangularis.     Oxford  Clay,  Normandy,  Desn. 

7. sulcata,  Sow,    Calcareous  Grit,  Oxford,  Sow, 

8. tricarinata.  Sow,     Calcareous  Grit,  Oxford ;  Coral 

Rag,  Steeple  Asbton,  Wilts,  Sow.;  Oxford  Clay, 

Haute  Saone,  Tkir. 
9.  —  triangulata,  Sow.    Bradford  Clay  or  Great  Oolite, 

Bradford,  Sow. 

10. runcinata,  Sow.    Coral  Rag,  Oxford,  Sow. 

"11, tricristata,  Goldf    Lias,  Banz,  Goldf 

12.  — -  quinque-cristata,  Munst.    Lias,  Banz,  Goldf 

13.  '  quinque-sulcata,    Munst,     Lias,    Tbeta,   Baireutb, 

Goldf 

14. circinnalis,  Munst,  Lias,  Banz,  Goldf, 

15. complanata,  Goldf.    Lias,  Tbeta,  Munst, 

16. grandis,  Goldf    Ferrug.  Oolite,  Baireutb ;  Wurtem- 
berg;   Coral  Oolite,  Haute  Saone;    Upper  Jura 
Limestone,  Heidenheim,  Goldf 
17.  ■  Limax,  Goldf    Ferrug.  Oolite,  Baireutb,  Goldf, 

18. conformis^  Goldf,    Alsace,  Goldf 
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19.  Serpula  convoluta,  Goldf,    Femig.  Oolite,  Waaseralfiige&'f 

Baireuth,  Goldf. 
20. lituiformis,   MunsL      Femig.    Oolite,    Grafenbeigi 

Baireuth,  Goldf. 

21.  ■  Delphinula,  Goldf.    Thuraau ;  Streitbeig,  GoUf. 

22.  capitata,  Goldf.    Streitberg,  Goldf, 

23.  limata,  Munst.    Streitberg,  Goldf. 


24.  plicatilis,  Munst.    Grafenberg ;  Streitbeig,  GoW. 

'  --;   ""        "^rl;  Goldf. 

26.  nodulosa,  Goldf.     Streitberg,  Goldf. 


25.  ■  gibbosa,  Goldf.     Muggendori,  Goldf. 


27.  Spirolinites,  Munst.    Streitberg,  Goldf. 

28.  tricarinata,  Gol<i^.    Femig.  Oolite,  Rabenstein ;  Bu- 

reuth;  Alsace,  Goldf. 

29.  pentagona,  Goldf.    Streitberg,  Goldf. 

30.  quinquangularis,  Goldf.    Rim.  Clay,  Largue,  Sund- 

gau;  Normandy,  Goldf. 

31.  qimdrUatera,    Goldf.     Ferrug.   Oolite,   Rabensteii; 

Buxweiler,  Goldf. 

32.  vertebralis,  Sow.    Buxweiler,  Goldf. 

33.  prolifera,  Goldf.    Streitberg,  Gold/. 

34.  planorbiformis,  ^t<iw^.   lliumau;  Streitberg,  GoUjf. 

35.  ■  trochleata,  Munst.    Streitberg,  Goldf. 

36.  macrocephala,  Goldf.    Thumau,  Goldf. 

37.  beliciformis,  Goldf.    Neuburg;  Doubs,  Goldf. 

38.  quadristriata,  Goldf.    Berrach,  Burgundy;  Ambeig^ 

Goldf 

39.  convoluta,  Munst.    Streitberg,  Goldf. 

40.  canaliculata,  Munst.    Streitberg,  Goldf. 

41.. Deshayesii,  Munst.    Streitberg,  Goldf. 

42.  volubilis,  Munst.  Ferrug.  Oolite,  Rabenstein,  Gol^. 

43.  spiralis,  Munst.    Muggendorf ;  Hattbeim ;   Heiden- 

heim,  Goldf. 

44.  cingulata,  Munst.    Streitberg,  Goldf. 

45.  ■  Flagellum,  Munst.     Streitberg,  Goldf. 

46.  substriata,    Munst.      Ferrug.    Oolite,    Rabenstefn, 

Goldf 

47. flaccida,  Munst.    Ferrug.  Oolite,  Rabenstein ;  BiUe; 

Elsas,  Goldf 

48.  gordialis,  Scklot.     Streitberg;    Heidenbeim;  Box- 

weiler,  Goldf. 

49.  intercepta,  GMf.    Streitberg;  Culmbacb,  Goldf, 

50.  lUum,  Goldf.    Thumau ;    Streitberg,  Goldf. 

51.  Filaria,  Goldf.    Ferrug.  Oolite,  GrdTenbeig;  Streit- 

berg, Goldf. 

52.  socialis,  Goldf.    Bavaria ;  Swabia ;  Burgundy,  Goldf. 

53. problematica,  Munst.    Solenhofen,  Goldf. 

— — >  fpeciea  imdetieTmiaed.    Coral  Rag,  Oxfoid  (3qr, 
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Combrash,  Forest  Marble,  Bradford  Clay,  Great 
Oolite,  Mid.  and  South  of  England,  Conyh,;  Ox- 
ford Clay,  Inferior  Oolite,  Haute  Saone,  Thir,; 
Combrash,  Forest  Marble,  Bradford  Clay,  Great 
Oolite,  Fuller's  Earth,  Wiltshire,  Lons. 

CONCHIFERA. 

Spirifer  Walcotii,  Sow,  Lias,  Yorkshire,  Phil, ;  Lias,  Bath, 
Lyme  Regis,  De  la  B, ;  Lias,  Normandy,  De  Cau, ; 
Lias,  South  of  France,  Dufr,;  Lias,  Western 
Islands,  Scotland,  Murch, 

Delthyris*  verrucosa.  Von  Buck,  Lias,  Bahlingen,  Wurtem- 
berg.  Von  Buck, 

rostrata,  SchloL    Lias,  Wurtemberg,  Von  Buck, 

Terebratula  intermedia,  Sow,  Coral  Oolite,  and  Great  Oolite, 
Yorks.,  PhU,;  Combrash,  Mid.  and  S.  En- 
gland ;  Inferior  Oolite,  Dundry,  Conyh, 

globata,  Sow,  Coral  Oolite  ?  Great  Oolite,  York- 
shire, Phil, ;  Forest  Marble,  Normandy,  2>6  Cau, ; 
Oolite,  Env.  of  Bath,  Sow, ;  Fuller's  Earth,  Env. 
of  Bath,  Great  Oolite,  Haute  Saone,  Thir, 

———  omidiocephala.  Sow,  Coralline  Oolite,  and  Kel- 
loway  Hock,  Yorkshire,  Phil, ;  Kelloway  Rock, 
Combrash,  Lias  ?  Mid.  and  South  of  England ; 
Inferior  Oolite,  Dundry,  Conyh,;  Oxford  Clay 
and  Lias,  Normandy,  De  Cau.;  Inferior  Oolite, 
Uzer,  South  of  France,  Dufr,;  Kimmeridge 
Clay,  Great  Oolite,  Haute  Saone,  Thir,;  In- 
ferior Oolite,  Wiltshire,  Lons,;  Soleure,  Bux- 
willer,  Hoen, 

ovata,  Sow,     Coralline  Oolite?  Yorkshire,  Phil,; 

Inferior  Oolite,  Mid.  and  South  of  England, 
Conyh,;  Coral  Rag,  Haute  Soane,  Thir, 
'■  obsoleta,  Sow,  Corimine  Oolite ?  Inferior  Oolite, 
Yorkshire,  Phil,;  Combrash,  Bradford  Clay, 
Great  Oolite,  and  Inferior  Oolite,  Mid.  and 
South  of  England,  Conyh, ;  Great  Oolite,  Nor- 
mandy, De  Cau.;  Lias  and  Inferior  Oolite, 
South  of  France,  Dufr, ;  Forest  Marble,  Wilt- 
shire, Lons. 

socialis,    Phil.      Calcareous  Grit,  and  Kelloway 

Rock,  Yorkshire,  PhU, 

— — —  ovoides.  Sow,  Combrash?  Yorkshire,  Phil,;  In- 

The  genus  Delthyris,  Dalman,  is  the  same  with  the  genus  Spirifer^ 
thy ;  both  names  have  been  retained  aboTe  for  the  ^\ix^q«^  ^^xstfsi^ 
reference. 

Q6 
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ferioT  Oolite,  Normandy,  De  Cau,;  Rubbljf 
Limestone,  &c.  Braambury  Hill,  Brora,  Mw^. 

8.  Terebratula  digona.   Saw,    Combrasb,  Yorics.,  Phil.;  Conh 

brasb  and  Bradford  Clay,  Mid.  and  S.  £D|land*, 
Inferior  Oolite,  Dimd^y,  Conyb.;  Forest  Marble^ 
Normandy,  De  Cau.;  Bradford  Clay  and  Coral 
Rag?  North  of  France,  BohL;  Forest  MarUe, 
Bradford  Clay,  Great  Oolite,  Wilts,  Lwns, 

9.  — ^  spinosa,    Townsend  and  Smith.      Great  Oolite, 

Yorkshire,  Phil,;  Inf.  Oolite,  Bath,  Lons. 

10.  — —  trilineata,    Y.  ^  B,    Inferior  Oolite    and   Liai, 

Yorkshire,  PhU. 

11.  bidens,  Phil,  Inferior  Oolite  and  Lias,  Yorks.,PH 

12.  punctata.    Sow.      Lias,    Yorkshire,    Phil.;    In- 

ferior Oolite,  Mid.  and  South  of  England,  Comft. 

Lias,  Western  Islands,  Scotland,  Murch. 
18.  __  resupinata,  Sow.    Lias,  Yoiikshire,  Phil. ;  Inferior 

Oolite,  Mid.  and  South  of  England,  Conyh. 
14.  acuta,    Sow.     Lias,   Yorkshire,    Phil,;    Inferior 

Oolite  and  Lias,  Mid.  and  South  of  England, 

Conyh,;   lias,  Normandy,  Ds  Cau.;   FuUer'i 

Earth,  Frome,  Lons,;  Lias,  Wurtemberg,  Tm 

Buch, 
io,        ■        ■■  triplicata,  Phil,      Lias,  Yorkshire,  Phil,;   Lias, 

Wurtemberg,  Von  Buch, 
16. tetraedra,  Sow,    Lias,  Yorkshire,  Phil, ;  Inferior 

Oolite,  Mid.  and   South  of  England,   Conyb.; 

Lias,  South  of  France,  Dufr,;   Forest  Marble? 

Mauriac,  South   of  France,  Dufr,;    Lias  and 

Micaceous  Sandstone,  Western  Islands,  Scotland, 

Murch,;  Echterdingen,  Buxweiller,  Horn, 

17.  —  subrotunda,  Sow,    Combrash  and  Inferior  Oolite, 

Mid.  and  South  of  England,  Conyb. ;  Combraib 
and  Forest  Marble,  North  of  France,  BM't 
Forest  Marble?  Mauriac,  South  of  France, 
Dufr,  ;  Inferior  Oolite,  Env.  of  Bath,  Lons. 

18.  obovata,  Sow,     Combrash,  Mid.    and    South  of 

England,  Conyb,;  Inferior  Oolite,  Env.  of  Bath, 
Lons. 

19. reticulata,  Sow.     Bradford  Clay,  Mid.  and  Sooth 

of  England,  <7QRy6.;  Forest  Marble,  NormandVj 
De  Cau. 

20.  media,  Sow,     Inferior  Oolite,   Dundry,    Conyb- i 

Inferior  Oolite,  Great  OoUte,  and  Bradford  Cl8y» 
North  of  France,  Bobl. ;  Dunrobin  Oolite,  Scot' 
land,  Murch, ;  Fuller's  Earth,  Inferior  Oolite» 
Env.  of  Bat\i,  Lons. 
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21.  Terebrstula  cnimena,  Sow,    Inf.  Oolite  and  Lias?  Mid.  and 

S.  England,  Conyh. ;  Echterdingen,  IIoBn. 

22.  — — — —  concinna,  Sow.    Fuller's  Earth,  Mid.  and  South  of 

England,  Conyh,;  Inferior  Oolite,  Normandy, 
De  C;  Forest  Marble?  Mauriac,  South  of 
France,  Dnfr, ;  Fuller's  Earth,  Frome ;  Inferior 
Oolite,  Env.  of  Bath,  Lons, 

?23. biplicata,    Sow,      Oxford    Clay,    Forest    Marble, 

Great  Oolite,  and  Inferior  Oolite,  Normandy, 
De  C, ;  Soleure,  Horn, 

24.  — — —  tetrandra,      .     Forest  Marble,  Normandy,  De  C. 

25. coarctatajParA".  Forest  Marble,  Normandy,  De  C. ; 

Bradford  Clay,  North  of  France,  Bobl,;  Brad- 
ford Clay,  Bath,  Loscombe, 

26. plicatella,  Sow,    Inf.  Oolite,  Bridport,  De  la  B.  ; 

Forest  Marble,  Normandy,  De  C. ;  Bavaria  ; 
Hohenstein,  Saxony,  Munst, 

27. serrata,  Sow,    Forest  Marble,  Normandy,  De  C.  ; 

Lias,  Lyme  Regis,  De  la  B, 

?28, truncata,  Sow,    Forest  Marble,  Normandy,  De  C, 

t29.-  lata,  Sow,    Inferior  Oolite,  Normandy,  De  C, 

?80. dimidiata,    Sow,      Inferior    Oolite,    Normandy, 

DeC, 

31. bnllata,  Sow,     Inferior  Oolite,  Normandy,  De  C.  ; 

Inferior  Oolite,  Bridport,  Dorset,  Sow,;  Corn- 
brash,  Wiltshire;  Fuller's  Earth,  Env.  of  Bath, 
Lone, 

32. sphaero'idalis,  Sow,     Inferior  Oolite,   Normandy, 

De  C, ;  Inferior  Oolite,  Dundry,  Braikenridge. 

33. emarginata.  Sow,      Inferior  Oolite,    Normandy, 

De  C;  Inferior  Oolite,  Env.  of  Bath,  Lons. 

34. quadrifida,      .     Lias,  Normandy,  De  C, 

35, numismalis.  Lam,    Lias,   Norm.,   De  C;  Lias, 

Bahlingen;  Gonningen,  Von  Buck, 

36. . perovalis.  Sow,  ♦  Inf.  Oolite,  Dundry,  Braiken- 
ridge; Forest  Marb.?  Mauriac,  and  Kim.  Clay, 
Cahors,  South  of  France ;  Rochelle  Limestone, 
Dufr, ;  Oxford  Clay,  Kell.  Rock,  Haute  Saone, 
T/iir. 

37. maxillata.  Sow,     Inf.  Oolite,  Env.  of  Bath,  Sotv. ; 

Forest  Marb.,  Wilts,  Lons, 

38. flabellula,  Sow,  Great  Oolite,  Anclifi)  near  Brad- 
ford, Wilts,  Cookson, 

3^' furcata,  Sow,    Great  Oolite,  Anclifi)  Cookson. 

^0' orbicularis,  Sow,    Lias,  Bath,  Sow, 

*  T.  huuffarcinata,  Schlot,  according  to  Count  VLxiTv^Xfit. 
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41.  Terebratula  hemisphssrica,  Sow,  Great  Oolite,  Aiicli£^  Coofc- 

8on. 

42.  — ' inconstans,  Sow.      Shelly  limestone .  and  Cak. 

Grit,  Portgower,   &c.  N.  of  Seed.,  and  SM 
Limestone,  Beal,  Isle  of  Sky,   Murch.;  Coral 
Rag,    Wejrmouth,    Sedg,;    Bavaria;    "Wurtem- 
berg;  Porta  Westphalica;  Hohenstein,  Saxony, 
MitnsL 

43.  . bisufiarcinata,  Schlot,    Thumau,  Hoen. 

44. loricata,  Schlot,    Baireuth,  Hcen. 

45.  ■ — ; Pectuncalus,  Schlot,    Thumau,  Hoen, 

46.  '■ rostrata,  Schlot,    Soleure,  Hcen, 

47. —  spinosa.  Lam,    Baireuth,  Hcen, 

48.  substriata,  Schlot,    Thumau,  Hcen, 

49. vulgaris,  Schlot.    Porta  Westphalica^  Hoen, 

50.  Defrancii,  Al,  Brong,    Amberg,  Hoen, 

51. Hoeninghausii,  Blain,    Baireuth,  Hoen, 

52.  • sexangula,  Defr,    Mug^endorf,  Hcen, 

53.  rimosa,    Von  Buch,    jQas,  Bahlingen,    Wurtem- 

berg.  Von  Buch, 
54. bicanaliculata.  Sow,     Hohenstein,  Saxony;  Fer- 
ruginous   Oolite,    Bavaria    and  Wurtemberg^ 
Mun8t, 

55.  comuta,  .yow.    Inf.  Oolite,  Ilminster,  5'ott;.;  Ba- 

varia ;  Hohenstein,  Munst, 

56.  trilobata,  Munst.    Bavaria;    Porta  Westphalica; 

Hohenstein,  Munst, 

1.  Orbicula  reflexa,  Sow,    Lias,  Yorks.,  Phil, 

2.  ?  radiata,  PhU,    Coral.  Oolite,  Yorks.,  PhU, 

3.  granulate.    Sow,       Great    Oolite,    Anclifi^    Wilti^ 

Cookson, 

,  sp.  not  determined.    Inferior  Oolite,  Yorks.,  Phil 

1.  Lingula  Bieanii,  PhU,     Inferior  Oolite,  Yorks.,  Phil, 

1.  Ostrea  gregarea,  Sow.*      Coral  Rag,  Yorks.,   Wilts,  &c; 

Calc.  Grit  and  Great  Oolite?  Yorks.,  PhU. ;  Coril 
Rag,  Mid.  and  S.  of  £ng. ;  Inf.  Oolite,  Dundiy, 
Conyh,;  Coral  Rag  and  Oxford  Clay,  Noim, 
De  C;  Oxford  Clay  and  Coral  Rag,  N.  of  Fr., 
BobL;  Kim.  Clay,  Havre,  PhU,  /  Coral  Rag,  Wey- 
mouth, Sedg, 

2.  soliteria,  Sow.    Coral  Rag  and  Inf.  Oolite,  York$.f 

Oxon,  &c.  Phil,;  Kim.  Clay,  Haute  Saone,  Thir.; 
Coral  Rag,  Weymouth,  Sedg. 

3.  duriuscula.  Bean.    Coralline  Oolite,  Yorks.,  PhiL 

4.  inaequalis,  PhU,    Oxford  Clay,  Yorks.,  PhU, 

*  Query,  Ostrea  CrUta-GaUiy  Smith. 
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rea  undosa,  Bean,    Kell.  Rock,  Yorks.,  Phil, 

arche^pa,  Phil,    Kell.  Rock,  Yorks.,  Phil, 

— —  Marshii,  Sow,  Kell.  Rock,  Comb.,  and  Great  Oolite, 

Yorks.,  Phil. ;  Cornb.  and  Fuller's  £.,  Mid.  and  S. 

of  £ng.,  Conyh, ;  Oxford  Clay,  Forest  Marb.,  and 

Inf.  Oolite,  Norm.,  De  C;  Comb.,  Wilts,  Lons,; 

Coral  Rag,  Weymoutb,  Sedg, 
—  sulcifera,  Phil,    Great  Oolite,  Yorks.,  Phil, ;  Inf. 

Oolite,  Haute  Saone,  Thir, 
deltoidea,  Sow,  and  Smith,  Kim.  Clay,  Yorks.,  Phil, ; 

Oxford  Clay,  N.  of  Fr.  Bobl. ;  Kim.  Clay,  S.  and 

Mid.  of  England,   Conyh,;   Shell  Limestone  and 

Calc.  Grit?  Portgower,  &c.  Scotl.,  Murch,;  Kim. 

Clay,  Havre,  Phil, ;  Sandst.,  Limest.,  and  Shale, 

Inyerbrora,  Scotl.,  Murch,;  upper  part  of  Corfd 

Rag,  Weymouth,  Sed^, 

expansa,  Sow,    Portland  Stone,  Conyh, 

palmetta,  Sow,    Oxford  Clay,  Mid.  and  S.  of  £ng., 

Conyh. ;  Oxf.  Clay  and  For.  Marb.,  Norm.,  De  C, 
—-acuminata.   Sow,      Bradford  Clay  and  Inf.  Oolite, 

Mid.  and  S.  of  £ng.,   Conyh, ;  Great  Oolite  and 

Brad.  Clay,  N.  of  Fr.,  Bohl,;  Great  Oolite,  Haute 

Saone,  Thir.;  Fuller's  £.,  Inf.  Oolite,  Environs  of 

Bath,  Lons, 
rugosa,  Sow,     Inf.   Oolite,  Mid.  and  S.  of  £ng., 

Conyh, 
minima.  Deal,    Coral  Rag  and  Oxford  Clay,  Norm., 

De  C, 

plicatilis.    Oxford  Clay,  Norm.,  De  C, 

costata.  Sow,    Brad.  Clay,  N.  of  Fr.,  jBoW.;  Great 

Oolite,  AncliiT,  near  Bath,  Cookson. 

pectinata.     Oxford  Clay,  N.  of  Fr.,  Bohl, 

pennaria.     Oxford  Clay,  N.  of  Fr.,  Bohl, 

nabelloides,  Lam,    O^ord  Clay,  N.  of  Fr.,  Bohl, 

laeviuscula.  Sow.    Lias,  £ng.,  Sow, 

obscura,  Sow,    Great  Oolite,  Ancli£^  Wilts,  Cookson, 

Meadii,  Sow,    Inf.  Oolite,  £nv.  of  Bath,  Lons, 

,  species  not  determined.  For.  Marb.  and  Brad.  Clay, 

Wilts,  Lons, 
>gyra,  species  not  determined.   Kim.  Clay,  Haute  Saone, 

Thir.    For.  Marb.  ?  Wilts,  Lons, 
^hsea  chamseformis,  Phil,    Calc.  Grit,  Yorks. ;  and  Oo- 
lite, Sutherland,  PhU, 
bullata.  Sow,  Coral.  Oolite?  Calc.  Grit?  Phil,;  Ox- 
ford Clay,  Lincolnshire,  Sow,;  Oolite  of  Braam- 
bury  Hill,  Brora,  Murch, 

inluerens,  Phil,    Calc.  Grit,  Yosk&M  PKi\. 


*J 


350  Organic  BenuUns  of  the  Ooime  Qrotip* 

4.  GryphaM  dilatata,  Sow.     Kell.  Rock,  Yorks.,  PML;  Oxfod 

Clay,  Mid.  and  S.  of  Eog.,  Omifh,;  OtSaA 
Clay  and  Lias,  Norm.,  De  C;  Oxford  Clij, 
N.  of  Fr.,  Bobl;  Oxford  Clay,  Burgun^, 
Beautn, ;  Great  Arenaceous  Formation,  Westen 
Islands,  ScoU.  Mureh,;  Oxford  Clay,  Haute 
Saone,  Thir,;  Lower  part  of  Coral  Rag,  Wej- 
mouth,  Sedg, ;  Oxford  Clay,  Beggingen,  Sch»> 
hausen,  Von  Buck. 

5.  incurva,  Sow»  Lias,  Yorks.,  PhiL ;  Lias,  Mid.  and 

S.  £ng.  Conyh. ;  Lias,  Norm.,  De  C. ;  Lias  and 
Inf.  Oolite,  N.  of  Fr.,  Bobl. ;  Lias,  S.  of  Fr, 
Dufr.;  Lias,  Metz,  Salins,  Amberg,  AUBrong,; 
Lias,  Western  Islands,  Scotl.,  Lias,  Ross  imd 
Cromarty,  ScoU.,  Murck,;  Goppingen,  Bahlin- 
gen,  Hcen, 

6.  nana.  Sow,    Kim.  Clay,  Oxford,  Sow. ;  Shale  and 

Grit,  Dunrobin  Ree&,  Scotl.,  Mwrch. ;  Lias  and 
Oxford  aay  ?  N.  of  Fr.,  Bobl. 

7.  Maccullochii,  Sow. ;  Lias,  Western  Islands,  ScotL, 

Murch.;  Lias,  Yorks.,  PhU.;  Oxford  Clay, 
Norm.,  De  C. ;  Lias,  S.  of  Fr.,  Dufr. ;  Litf, 
£nv.  of  Bath,  Lone. 

8.  depressa,  Phil.    Lias,  Yorks.,  P)ul. 

9.  obliquata,  Sow.     Lias,  Mid.  and  S.  £ng.,  Comfh. ; 

Lias,  S.  of  Fr.,  Dufr. ;  Lias,  Western  Islands, 
Scotl.,  Murch.;  Lias,  £ov.  of  Bath,  Lone, 

10.  Cymbium,  Lam.     Inf.  Oolite,  N.  of  Fr.,  Bcibl.; 

Lias,  S.  of  France;  Inf.  Oolite,  ViUefranche^ 
S.  of  France,  Dufr. ;  Inf.  Oolite,  Haute  Saone, 
Thir. ;  Lias,  Bahlingen,  Von  Buck. 

11.  lituola.  Lam.  Brad.  Clay,  Comb.,  and  For.  Marb., 

N.  of  Fr.,  Bohl. 

1 2.  gigantea,  Sow,    Lias,  S.  of  Fr.,  Dvfr. ;  Lias,  Ron 

and  Cromarty,  Scotl. ;  Great  Arenaceous  Fonnar 
tion.  Western  Islands,  Scotl.,  Mureh.;  Porta 
Westphalica ;  Hohenstein,  Saxony,  Munet. 

13.  minuta.  Sow.  Great  Oolite,  Ancliff,  Wilts,  Cookeoe. 

14  yirgula,  Def ranee,  Kim.  Clay,  Havre,  Al.  Brong.; 

Kim.  Clay,  Burgundy,  Beamm.;  Kim.  Clay,  S. 
of  Fr.,  Dufr. ;  Kim.  Clay,  Weymouth,  BucU.  ^ 
De  la  B. ;  Kim.  Clay,  Haute  Saone,  Thir. 
1.  Flicatula  spinosa,  Sow.  Lias,  Yorks.,  PhiL  ;  Lias,  Mid.  and 
S.  Eng.,  Conyh.;  Lias,  Norm.,  De  €.;  Inf.  Oo- 
lite, N.  of  Fr.  Bobl.;  Great  Arenaceous  Forma- 
tion, Western  Islands,  Scotl.,  Murch,;  Lias,  Gun- 
denkoffisQ,  FoU». 
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Pecten  abjectus,  Phil.    Coral  Rag,  Yorks.  and  Ozon ;  Calc. 
Grit,  Great  Oolite,  and  Inf.  Oolite,  Yorks.,  PhiL 

'  ineequicostatus,  PhU,    Coralline  Oolite,  Yorks. ;  Cak. 

Grit,  Oxon,  PhiL 
'  cancellatus.  Bean.  Coralline  Oolite,  Yorks. ;  Oolite, 

Sutheriand?  Phil. 

demissus,  Phil.     CoralUne  Oolite,  Kell.  Rock,  Corn- 
brash,  and  Great  Oolite,  Yorks.,  Phil. 

Lens,  Sow,  Coralline  Oolite,  KelLRock,  Great  Oolite, 

Inf.  Oolite,  and  Lias,  Yorks.,  PhiL  ;  Coral  Rag, 
Mid.  and  S.  Eng.;  Inf.  Oolite,  Duudry,  Conyb.; 
Coral  Rag  and  Oxford  Clay,  Norm.,  De  C; 
Comb,  and  For.  Marb.,  N.  of  Fr.,  Bohl. ;  Inf. 
Oolite,  Alsace,  and  Stranen  near  Luxembourg,  AL 
Brong. ;  Sandist.,  Limest.,  and  Shale,  Inverbrora, 
Scotl.,  Murch. ;  Inf.  Oolite,  Haute  Saone,  Thir. 

vagans.  Sow.    Coral  Rag,  Yorks.  and  Oxford ;  Calc. 

Grit,  Yorks.,  PhiL;  For.  Marb.,  Norm.,  De  C. ; 
Sandst.  and  Rubbly  Limest.,  Braambury  Hill, 
Brora,  Murch.  ;  For.  Marb.,  Wilts,  Lons. 

fibrosus.  Sow.    Kell.  Rock  and  Combrash,  Yorks., 

Phil. ;  Coral  Rag,  Kell.  Rock,  Comb.,  For.  Marb., 
Brad.  Clay,  and  Inf.  Oolite,  Mid.  and  S.  Eng., 
Conyb ;  Coral  Rag,  Norm.  ?  De  C. ;  Comb,  and 
For.  Marb.,  N.of  Fr.,  Bobl. ;  For.  Marb.  ?  Mauriac, 
S.  of  Fr.,  Dufr.;  Rubbly  Limestone,  &c.,  Braam- 
bury Hill,  Brora,  Murch.;  For.  Marb.,  Wilts, 
Lons. ;  Soleure,  Hoen. 

virgulifems,  Phil. ;  Inferior  Oolite,  Yorks.,  PhiL 

sublsevis,  Y.  8f  B.     Lias,  Yorks.,  Phil, 

aequiyalvis,  Sow.    Lias,  Yorks.,  Phil. ;   Inf.  Oolite, 

Mid.  and  S.  Eng.,  Conyb. ;  Lias,  Norm.,  De  C.  ; 
Lias,  S.  of  Fr.,  Dufr.;  Lias,  Western  Islands, 
Scot].,  Murch.;  Inf.  Oolite,  Env.  of  Bath,  Lons. 

— ; lamellosus.  Sow.    Portland  Stone,  Conyb. 

arcuatus,    Sow.      Coral  Rag,    Mid.  and   S.  Eng., 

Conyb. ;  Portland  Beds,  Kim.  Clay,  Haute  Saone, 
Thir. 

similis,  Sow.    Coral  Rag,  Mid.  and  S.  Eng.,  Conyb.  ; 

Coral  Rag,  Norm.  ?  De  C. ;  Great  Oolite,  Haute 
Saone,  Thir. 

laminatus,  Sow.    Comb.,  Mid.  and  S.  Eng.,  Conyb. 

barbatus,  Sow.     Inf.  Oolite,  Dundry,  Conyb.  ;  Lias, 

Norm.,  De  C. ;  Inf.  Oolite,  Lias,  Env.  of  Bath,  Lons, 

vimineus,  Sow,    Oxford  Clay,  For.  Marb.,  and  Infl 

Oolite,  Norm.,  De  C. ;  Forest  Marble,  Malton, 
Sow.;  Bubbly  Limestone,  &c.,  'B>t«axc^>3lx:^ ^iSS.^ 
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Brora,  Murch, ;  Coral  Rag,  Haute  Saone,  T 
Coral  Rag,  Yorks.  and  Oxon,  Phil, 

17.  Pecten  obscurus,  Sow,  Stonesfield,  Sow,;  For.  Marb.7  1 
riac,  S.  of  Fr.,  Dufr, 

28. annulatus,  iS'ofi;.    Comb.,  Felmersbam,  Marsh. 

19.  ■  concinnus,        .    Namen,  near  Minden,  Horn, 

20.  marginatuB,        .     Wasseralfingen,  Hoen, 

1.  PlagioBtoma  Iseviusculum,   iS'ofi;.    Coralline  Oolite,  Ya 

Coral  Rag  and  Calcareous  Grit,  Oxon,  P 
Coral  Rag,  Martbon,  S.  of  Fr.,  Dufr, 

2.  — — —  rigidum.  Sow,    Coralline  Oolite,  Yorks. ;  ( 

Rag,  Oxon,  Phil, ;  Inf.  Oolite,  Dundry, 
nyb. ;  Coral  Rag,  N.  of  Fr.,  Bobl,;  Cord  ] 
Haute  Saone,  Thir, 

3.  '  rusticum.  Sow,    Coralline  Oolite,  Yorks. ;  ( 

Grit,  Oxon,  Phil. 

4.  duplicatum.  Sow,  Coralline  Oolite,  Oxford  ( 

and  Kell.  Rock,  Yorks.,  Phil,;  Inf.  Oc 
Norm.,  De  C;  Dunrobin  Oolite,  S< 
Murch, ;  Lias,  £ny.  of  Batb,  Lons. 

5.  rigidulum,  Phil,    Combrash,  Yorks.,  Phil, 

6. interstinctum,  Phil.    Comb,  and  Great  Oc 

Yorks.,  Phil, 

7.  cardiiforme.  Sow,     Petty  France,    Glouco 

sbire,  Steinhauer;  Great  Oolite,  Yorks.,  Pi 
Comb,  and  For.  Marb.,  N.  of  France,  Ba 

8.  giganteum,  Sow.*    Inf.  Oolite  and  Lias,  Yo: 

Phil.;  Inf.  Oolite,  Dimdry?  Lias,  Mid. 
S.  Fng.,  Conyh,;  Lias,  Norm.,  De  C;  I 
N.  of  Fr.,  Bohl, ;  Lias,  Westem  Islands,  So 
Murch,;  Inf.  Oolite,  Haute  Saone,  Th 
Bablingen,  Hoen, 

9, obscurum.  Sow.    Kell.  Rock,  Mid.  and  S.  E 

Conyb, 

10.  pectinoides.  Sow,    Lias,  Yorks.,  Phil,;   Si 

and  Grit,  Reefs  at  Dunrobin,  ScoU.,  Mu 

11.  punctatum,  Sow,    Inf.  Oolite,  Dundry.    I 

Mid.  and  S.  England,  Conyb.;  For.  Marb. 
Inf.  Oolite,  Norm.,  De  C, ;  Lias,  N.  of  Frai 
Bobl.  ;  Lias,  S.  of  France,  Dufr,;  Lias,  W 
em  Islands,  Scotl.,  Murch. 

12.  sulcatum.    Lias,  S.  of  France,  Dufr. 

*  Lima  gigantea,  Deshayes.  The  same  author  considen  that 
genus  Plagiottotna  of  Sowerby  and  Lamarck  should  be  suppressed, 
tpedea  composing  it  being  Te&Tab\&  ^Omx  Xo  Spond ydw  or  to  Linuu 
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13.  Flagiostoma  ovale,  Sow,  For.  Marb.?  Mauriac,  S.  of  France, 

Dufr, 
U. Hermanni,  FoUz,    Lias,  Alsace,  Voltz ;  Lias, 

Env.  of  Bath,  Loru, ;  Lias,  Lyme  Regis,  De 

laB. 

15.  __.  obliquatum,  Sow,     Sandstone  and  Limestone, 

Braambury  Hill,  Brora,  Sandst,  Limest,  and 
Shale,  Inverbrora,  Scotl.,  Murch, 

16.  ■  acuticostatum.  Sow,  Sandst.,  Limest.,  and  Shale, 

Inverbrora,  Scotl.,  Murch, 
If, conceutricum.  Sow,    Lias,  Ross  and  Cromarty, 

Scod.,  Murch, 
f  sp.  not  determined.    Bradford  Clay  and  Great 

Oolite,  Mid.  andS.  £ng.,  Conyh.;  Lias,  Gun- 

dershofen,  Voltz, 
1.  PosidomaBronni,6ro/^.  Lias,  Ubstadt,  near  Bruchsal, /^om. 

1.  Lima  rudis.  Sow,     Coralline  Oolite,  Calc.  Grit.,  Kell.  Rock, 

and  Great  Oolite,  Yorks.,  Phil, ;  Coral  Rag,  Mid. 
and  S.  Eng.,  Conyh. ;  Coral  Rag,  N.  of  Fr.,  BohL  ; 
Rubbly  Limestone,  &c.,  Braambury  Hill,  Brora,  Murch, 

2.  proboscidea.  Sow.    Inf.  Oolite?    Yorks.,    Phil.;   Inf. 

Oolite,  Dundry,  Conyh. ;  Oxford  Clay,  For.  Marb., 
and  Inf.  Oolite,  Norm.,  De  C;  Inf.  Oolite,  Haute 
Saone,  Thir.;  Soleure,  B&le,  Haen.;  Coral  Rag, 
Weymouth,  Sedg. 

3. gibbosa,  Sow,  Cornb.  and  Inf.  Oolite,  Mid.  and  S.  Eng., 

Conyh, ;  Great  Oolite  and  Inf.  Oolite,  Norm.,  De  C, 

4.  antiquata,  iS'otr.  Lias,  Mid. and  S.  Eng.,  Conyh,;  Lias, 

S.  of  France,  Dufr. ;  Inf.  Oolite,  Haute  Saone,  Thir, 
,  species  not  determined.     Great  Oolite,  Wilts,  Lone, 

1.  Avicula  expansa,  Phil,    Coralline  Oolite,  Oxford  Clay  ?  Kell. 

Rock  and  Great  Oolite,  Yorks.,  Phil, 

2.  oyalis,  Phil,    Coralline  Oolite  and  Calc.  Grit,  Yorks., 

Phil, 

3.  elegantissima,  Bean,    Coralline  Oolite,  Yorks.,  Phil, 

4.  tonsipluma,  Y,  8f  B,    Coralline  Oolite, Yorks.,  Phil, 

5. Braaraburiensis,  Sow,    Sandstone,  Braambury  Hill, 

Brora,  Murch,;   Kell.  Rock,    Great  Oolite,   and 
Inf.  Oolite,  Yorks.,  Phil, 
6,  '    '  inaequivalvis,   Sow,     Inf.  Oolite  and  Lias,  Yorks., 

Phil, ;  Great  Oolite  and  Inf.  Oolite,  Norm.,  De  C; 
Lias,  S.  of  Fr.,  Dufr.;  Great  Arenaceous  Forma- 
tion, Western  Islands;  and  Shell  Limest.  and 
Grit,  Portgower,  Scotland,  Murch,  ;  Lias,  Lyme 
Regis,  De  la  B, ;  Bahlinghen,  Hcen.  ;  Lias,  Gan- 
dershofen,  VoUz  ;  Full.  E.,  Inf.  Oolite,  and  Lias, 
Env.  of  Bath,  Lone. 
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7.  Avicula  echinata,  Sow,    Lias  ?  Yorks.,  PhU, ;  Coml).,  Mid. 

andS.  £ng.,  Conyh,;  For.  Marb.,  Norm.,  Dt  C; 
Brad.  Clay,  Comb.,  and  For.  Marb.,  N.  of  Fr., 
BohL  ;  Great  Oolite,  Haute  Saone,  Thir. ;  FuLE^ 
£nv.  of  Bath,  Lons, 

8.  cygnipes,  F.  8;  B,    Lias,  Yorks.,  Phil, ;  Lias,  Wert- 

em  Islands,  Scotl.,  Murch, 

9.  costata,  Sow,    Comb,  and  Brad.  Clay,  Mid.  and  8. 

Eng.,  Inf.  Oolite,  Dundry,  Conyh. ;   For.  Maib., 

Norm.,  De  C, 

10. lanceolata.  Sow,    Lias,  Lyme  Regis,  DelaB, 

11.  ovata,  Sow,    Stonesfield  Slate,  Sow, 

1.  Inoceramus  dubius.  Sow,    Lias,  Yorks.,  PhU, 

1.  Gervillia  aviculoides.  Sow,    Coralline  Oolite,  Yorks.,  Calci- 

reous  Grit,  Oxfordshire,  PhU, ;  Oxford  Clay,  Mii 
and  S.  £ng.,  Inf.  Oolite,  Dundry  HiU,  Conyi.; 
Oxford  Clay,  Norm.,  De  la  B,;  &uidst,  Limest, 
and  Shale,  Inveibrora,  Scotl.,  Murch. ;  IJas,  Gmi' 
dershofen,  Voltz;  Coral  Rag,  Weymoath,  «^f (2^. 

2.  ?  acuta.  Sow,     Collyweston,   Sow,;    Great  Oolite, 

Yorks.,  Phil, 

3.  lata,  Phil,     Inf.  Oolite,  Yorks.,  PhU, 

4.  — —  pemoides,  Deal,    Oxford  Clay,    For.  Marb.,  Great 

Oolite,  and  Inf.  Oolite,  Norm.,  De  C, ;  Gunden- 
hofen,  Horn, 

5.  siliqua,  Desl,  Oxf.  Clay  and  For.  Marb.,  Norm.,  DeC. 

6.  monotis,  Desl,    For.  Marb.,  Norm.,  De  C, 

7.  ■  costellata,  Ded.    For.  Maib.,  Norm.,  De  C, 
,  species  not  stated.     Coral  Rag,    Norm.,   De  C; 

Kim.  Clay  and  Inf.  Oolite,  Haute  Saone,  7%tr. 

1.  Pema  quadrata.  Sow,     Coralline  Oolite,    Kell.  Roek,  and 

Great  Oolite,  Yorks.,  Phil, ;  Comb.,  Bulwick,  So»' 

2.  m3rtiloide8.  Lam,    Lias,  Gundershofen,  Foltz ;  Oxford 

Clay,  Dives,  Normandy,  Desk, 

3.  isogonoides,        ,    Wurtemberg,  Hoefu 

,  species  not  determined.     Oxford  Clay,  Yorks.,  PhtL 

1.  Crenatula  ventricosa.  Sow,    Husband  Bosworth,   Leicester- 
shire,   Conyh, ;    Gloucestershire,    Sow, ;   Lias, 
Yorks.,  Phil, 
,  species  not  determined.    Portland  Stone,  Co»ijf6. 

1.  Trigonellltes  antiquatus,  Phil,    Coral.  Oolite,  Yorks.,  Ph^ 

2. nolitus,  Phil,     Oxford  Clay,  Yorks.,  PhU, 

1.  Pinna  lanceolata,  Sow,  Coralline  Oolite  and  Calcareous  Grit, 
Yorks.,  PhU.;  Inf.  Oolite,  Dundry,  Conyh.;  Lias, 
Norm.,  De  C;  Oxford  Clay,  N.of  Fr.,  BM,;  Conl 
Rag,  Weinnouth,  Sedg, 

2 mitis,  PhU.    Oxford  Oay  and  KeU.  Rock  ?  Yorks.,  PhiL 
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3.  Hnna  coneBtay  Bean,    Combrash  and  Great  polite,  Torks., 
Phil. 

4. Folium,   F.  ^  B.    Lias,  Yorks.,  Phil. 

i.  — -  pinnigena,     .    Coral  Rag,  For.  Marb.,  and  Inf.  Oolite, 

Norm.,  De  C. 
6.  — —  granulata,  Sow.    Kim.  Clay,  Weymouth,  Sedg. ;  Kim. 
Clay,  Cahors,  S.  of  Fr.,  Dvfr. ;  Lias,  Skye,  Murch. 

>,  sp.  not  determined.     Inf.  Oolite,  £nv.  of  Bath,  Lont. 

1.  Mytilus  cuneatus,  Phil.    Inf.  Oolite,  Yorks.,  Phil. 

2. amplus.     Great  Oolite,  Norm.,  De  C. 

3. pectinatus,  Sow.    Kim.  Clay,  Weymouth,  Sedgwick  ; 

Rochelle  Limestone,  Dvfr. 

4. r-  sublsevis.  Sow.    Cornb.,  £ng..  Sow, 

5. solenoHes.    Kim.  Clay,  Cahors,   S.  of  Fr.,  Dufr. 

,  species  not  determined.    Coral  Rag  and  Inf.  Oolite, 

^5  Mid.  and  S.  Eng.,  Conyh. ;  Coral  Rag,  Norm.,  De 

^  C.  ;  Portland  beds,  Haute  Saone,  Thir. 

I.  Modiola  imbricata,  Sow.  Coralline  Oolite  ?  and  Great  Oolite, 
Yorks.,  Phil.;  Comb.,  Mid.  and  S.  Eng.,  Conyb.  ; 
Comb.,  Wilts,  Lons. 

2. —  ungulata,   Y.  8f  B.    Coralline  Oolite,   Great  Oolite, 

and  Inf.  Oolite,  Yorks.,  Phil. 

3. bipartita.  Sow.    Calc.  Grit,  Yorks.,  Phil.  ;  Sandstone 

and  Limestone,  Braambury  Hill,  Brora,  Murch. 

4. cuneata,  Sow.    Oxford  Clay,  Kell.  Rock  ?  and  Comb., 

Yorks.,  Phil.;  Inf.  Oolite,  Mid.  and  S.  Eng. 
Conyh.;  Lias,  Norm.,  De  C;  Lias,  Western 
Islands,  Scotl. ;  Sandst,  Limest.,  and  Shale,  In- 
verbrora,  Scotl.,  Murch. ;  Hohenstein ;  Ferriferous 
Oolite,  Bavaria  and  Wurtemberg,  Munst. 

5.  pulchra,  Phil.    Kell.  Rock,  Yorks.,  Phil. ;   Oolite, 

Sutherland. 

6. plicata.  Sow.    Inf.    Oolite,  Yorks.,  Phil.  ;  Comb., 

Mid.  and  S.  Eng.,  Inf.  Oolite,  Dundrj',  Conyh. ; 
Portland  Beds,  Haute  Saone,  Thir. ;  Full.  E.,  So- 
merset, Lons. 
7.  — —  aspera.  Sow.   Inf.  Oolite,  Yorks.,  Phil. ;  Comb.  Mid. 
and  S.  Eng.,  Conyh. 

6.  Scalprum,  Sow.     Lias,' Lyme  Regis;  Lias,  Yorks., 

Phil. ;  Lias,  S.  of  Fr.,  Dufr. 

9.  Hillana,  Sow.    Lias,  Yorks.,  Phil. ;  Lias,  Mid.  and 

S.  Eng.,  Conyh. ;  Full.  E.  ?  Env.  of  Bath,  Lons. 

10.  laevis.  Sow.    Lias,  Mid.  and  S.  Eng.,  Conyh. 

11. depressa.  Sow.    Lias,  Mid.  and  S.  Eng.,  Conyb. 

12.  '^^ minima,  Sow.    Lias,  Mid.  and  S.  Eng.,  Cxmyb. 

18.  subcarinata,  Lam.    Oxford  Cl^,  Norm.,  De  C. 

14.  tulipea,  Lam.    Oxford  Clay,  N.  <rf  Fr.,  BohL 
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15.  Modiola  pallida,  Sow,    Shale  and  Grit,  Dunrobin  Reeb,  Sre^  . 

Scotl.,  Murch.  \ 

16.  gibbosa,  Sow,     Inf.  Oolite,  Env.  of  Bath,  Low, 

17.  Uvida,  Goldf,    Cbaufour,  ^ci?ftin^Aai». 

18. ventricosa,  Goldf.    Soleure,  Horn. 

y  sp.  not  determined.    Lias,  Gundershofen,  Fote; 

Lias,  Bath,  Lons, 
Lithodomus,  species  not  determined.    Inf.  Oolite,  N.  of  Fr^ 
Bohl,  ;  Inf.  Oolite,  Env.  of  Bath,  Lont. 

1.  Chama  mima  or  Gryphsea  mima,  PhU,    Coral.  Oolite  and 

Calc.  Grit.,  Yorks.,  Phil, 

2,  ?crassa.  Smith,    Bradford  Clay,  Mid.  and  S.  Eng., 

Conyb, 

,  species  not  determined.      For.  Marb.,  Comb.,  and 

Brad.  Clay,  Wilts,  Lons, 

1.  Unio  peregrinus,  Phil,    Comb.,  Yorks.,  Phil, 

2.  abductus,  Phil,   Inferior  Oolite  and  Lias,  Yorks.,  PkiL 

3.  concinnus.  Sow,    Lias,  Yorks.,  PhU, ;  Inf.  Oolite,  Mid. 

and  S.  Eng.,  Conyh, ;  Inf.  Oolite,  Lias,  Env.  of  Bath, 
Lons, 

4.  ^-^  crassiusculus.  Sow,    Lias,  Yorks.,  Phil. 

5.  Listeri,  Sow,    Lias,  Yorks.,  Phil. ;  Inf.  Oolite,  Mid. 

and  S.  Eng.,  Conyh, 

6.  crassissimus,  Sow,     Lias,  Mid.  and  S.  Eng.,  Conyh.; 

Lias,  Norm.,  De  C.  ;  For.  Marb.  ?  Mauriac,  and  M 
Oolite,  Uzer,  S.  of  Fr.,  Dufr, 

1.  Trigonia  costata.  Sow,    Coralline  Oolite,  Great  Oolite,  and 

Inf.  Oolite,  Yorks.,  Phil,;  Comb.,  For.  Marb^, 
and  Brad.  Clay,  Mid.  and  S.  Engl.,  Inf.  Odite, 
Dundry,  Conyh,  ;  Oxford  Clay,  For.  Marb.,  and 
Inf.  Oolite,  Norm.,  De  C, ;  Oxford  Clay,  N.  of  ft., 
Bohl, ;  Kim.  Clay  and  Inf.  Oolite,  Haute  Saone, 
Thir, ;  Lias,  Gundershofen,  VoUz  ;  Inf.  OoUte, 
Env.  of  Bath,  Zon«.;  Coral  Rag,  Weymouth,  Sedg,; 
Porta  Westphalica ;  Hohenstein,  Munst, 

2.  clavellata,  Sow,    Coralline  Oolite,  Kell.  Rock,  and 

Comb.,  Yorks.,  PhU, ;  Portland  Stone  and  Conb., 
Mid.  and  S.  Engl.,  Inf.  Oolite,  Dundry,  Conyb,; 
Oxford  Clay,  Norm.,  De  la  B,  ;  Oxford  Qay,  N. 
of  Fr.,  Bohl, ;  Kim.  Clay  ?  AngoulSme,  Ihifr, ; 
Sandst.,  Shale,  &c.,  Inverbrora,  Scotl.,  Afurek,; 
Coral  Rag  and  Inf.  Oolite,  Haute  Saone,  Thir. ; 
Coral  Rag,  Weymouth,  Sedg, 

3.  '    '  conjungens,  PhU,     Great  Oolite,  Yorks.,  PhU. 

4.  — —  striata.  Sow,     Inferior  Oolite,  Yorks.,  PhU,  ;  hL 

Oolite,  Dimdry,  Conyh, ;  Inf.  Oolite,  Norm.,  Ik 
C, ;  Lias,  S.  of  Fr.,  l)tf/V. 
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5.  Trigonia  angulata,  Sow,     Inf.  Oolite,  Yorks.,  PhU.  ;  Inf. 

Oolite,  near  Frome,  Sow. 

6. literata,  F.  ^  B,    Lias,  Yorks.,  Phil 

7.  ■  gibbosa,  Sow,  Portland  Stone,  Conyh, ;  Forest  Marb., 

Norm.,  De  C, 
8. duplicata,  Sow,      Inf.  Oolite,   Mid.  and  S.  Eng., 

Conyh, ;  For.  Marb.,  Norm.,  De  C, 
9, elongata,  Sow,    Oxford  Clay,  Norm.,  De  C, ;  Oxford 

Clay,  Eng.,  Sow, ;  Great  Oolite,  Alsace,  VoUz  ; 

Comb.,  WUts,  Lon», 

10. imbricata.  Sow,  Great  Oolite,  Ancliff,  Wilts,  Coohaon, 

11.  — —  cuspidata.  Sow,     Great  Oolite,    Anclifl^    Cookson  ; 

var.  Coral  Rag,  Haute  Saone,  Thir. 

12.  ■  Pullus,  Sow,     Great  Oolite,  AncliiT,  Cookson, 

13.  navis.  Lam,    Lias,  Gundershofen,  Voltz, 

14. incurva,  Benett,      Portland  beds,   Tisbury,   Wilts, 

Benett, 
— — ,  species  not  determined.    Coral  Rag,    Midi,  and  S. 
Eng.,  Conyh, ;  Coral  Rag,  Norm.,  De  C, 
1.  Nucula  elliptica,  Phil,    Oxford  Clay,  Yorks.,  Phil, 

2. nuda,  Y,  8f  B,    Oxford  Clay,  Yorks.,  Phil. 

8.  —  yariabilisj  Sow,  Great  Oolite  and  Inf.  Oolite,  Yorks., 
PhU, ;  Great  Oolite,  Ancliff,  near  Batb,  Cookson. 
4.  — ^—  Lacbryma,  Sow,  Great  Oolite  and  Inf.  Oolite,  Yorks., 
Phil,  /  Great  Oolite,  Ancliff,  Sow, 

5. axiniformis,  Phil.     Inferior  Oolite,  Yorks.,  Phil, 

6*  ■  Ovum,  Sow,     Lias,  Yorks.,  Phil, 

7. pectinata,  Sow,    Oxford  Clay,  Norm.,  De  C, ;  Brad. 

Clay?  Wilts,  Lons. 

S. clariformis,        .     Lias,  S.  of  Fr.,  Dufr, 

9, mucronata.  Sow,    Great  Oolite,  Ancliff,  Wilts,  Cook- 
son, 

■ ,  species  not  determined.     Coralline  Oolite,  Yorks., 

Phil,;  Inf.  Oolite,  Dundry;  Lias,  Mid.  and S.  Eng. 
Conyh, 
1.  Peetunculus  minimus.  Sow.    Great  Oolite,  Ancliff,  Wilts, 

Cookson, 

2, oblongus,  Sow,    Great  Oolite,  Ancliff,   Wilts, 

Cookson, 
1.  Area  quadrisulcata.  Sow,    Coral  Rag,  Malton,  Sow.    Coral- 
line Oolite,  Yorks.,  Phil, 

2, smula,  Phil,    Coralline  Oolite,  Yorks.,  Phil, 

Z, pulcbra,  Sow,    Great  Oolite,  Ancliff,  Wilts,   Cookson ; 

Rocbelle  Limestone,  Dufr, 

4.  »—  trigonella,      .    Wasseralnngen,  Hcen. 

5.  elongata,       .     Wasseralfingen,  Hoen. 

6. rostrata,       .    Wasseralfingen,  Hem. 
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Area,  species  not  determined.  Lias,  Mid.  and  S.  Sag.,  Cb* 
nyb. ;  Brad.  Glaj,  Wilts,  FulL  £.,  in£  Oolite,  £nT. 
of  Bath,  Zofif. 

1.  Cucullsea  oblonga,  Sow.    Coralline  Oolite,  Yorka^  FhiL;  M 

Oolite,  Dundry,  Conyh, 

2.  •  contracta,  PhiL    Coralline  Oolite,  Yorks^JPAi/. 

3.  triangularis,  PhU.    Coralline  Oolite,  Yorks.,  PAil 

4. pectinata,  PhiL    Coralline  Oolite,  Yorks.,  PhiL 

5.  elongata.  Sow,   Coralline  Oolite  ?  and  Great  OoHte, 

Yorks.,  PhiL ;  Rochelle  limestone,  Z)t^r.  Crw 
Hands,  Gloucestershire,  Steinhauer. 

6.  concinna,  PhiL    Oxford  Clay  and  KelL  £ockt 

Yorks.,  PhU. 

7.  imperialis.  Bean,    Great  Oolite,  Yorks.,  PhiL 

8.  cyundrica,  PhU,    Great  Oolite,  Yorka.,  PhiL 

9.  ■  cancellata,  PhiL    Great  Oolite,  Yorks.,  PhiL 

10.  *— — ^  reticulata,  Bean,    Inf.  Oolite,  Yorks.,  PhU. 

11.  minuta.  Sow,    Great  Oolite,  Anclifl^  Wilts,  Coeh 

son, 

12.  rudis.  Sow,    Great  Oolite,  Ancli£^  Wilts,  Cooh 

son. 

,  species  not  determined.     Oxford  Clay,    Haute 

Saone,  Ihir,  Lias,  Yorks.,  PhU, ;  Lias,  Mid.  and 
S.  £ng.  Conyh, 
1 .  Hippopodium  ponderosum,  Sow,    Coralline  Oolite  and  Liai^ 

Yorks.,  PhU,;  Lias,  Mid.  and  S.  £ng.,  Ccsn^ 
1.  Isocardiarhomboidalis,  PhU,  Coralline  Oolite,  Yorkk,  PM 
2. tumida,  PhU,    Calc.  Grit,  Yorks.,  PhU, 

3.  minima.  Sow,    Comb,  and  Great  Oolite  ?  Yorks., 

PhU, ;  Comb.,  Wilts,  Lons, 

4.  concentrica,  Sow,    Great  Oolite  and  In£  Oolite, 

Yorks.,  PhiL;  Oxford  Clay,  Norm.,  De  C; 
Comb.,  Northamptonshire,  Sow. ;  FulL  £.,  So- 
merset, Lons, 

5.  angulata,  PhU,    Great  Oolite?  Yorks.,  PhU. 

6. rostrata.  Sow.    Gloucestershire,  Sow.    In£  Odite^ 

Yorks.,  PhU. 
7.  striata,  D'Orh,    Kim.  Clay,  Portland  Beds,  Haote 

Saone,  Thir, 
,  sp.  not  determined.    For.  Marb.,  Norm.,  Dt  C. 

1,  Carditasimiiis,  Sow.    Coralline  Oolite,  Great  Oolite,  and  loi^ 

Oolite,  Yorks.,  PhiL;  Inf.  Oolite,  Dundry,  Conyb. 

2,  lunulata.  Sow,    Inf.   Oolite,  Dundry,  Conyh, ;  In£ 

Oolite,  Norm.,  De  C, 

3,  — striata,  Sow,  Lias,  Norm.?  DeC,  Inf.  Oolite,  Bath, Sm. 

,  species  not  determined.    Portland  Stone,  Conyh, 

1.  Cardium  lobatum,  PhU,    Coralline  Oolite,  Yorks.,  PhL 
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ium  diwrimil^y  Sow,  Kell.  Rock,  Yorks.,  PhU, ;  Porfland 
Stone,  Portland,  Sow, ;  Roeks  oi  die  Oolite  series, 
Braambury  Hill,  Brora,  Murch, 

-^  citriooideum,  Phil,    Comb.,  Yorks.,  Phil, 

—  cognatum,  Phil.    Great  Oolite,  Yorks.,  Phil, 

—  acutangulum,  PAt/.    Great  Oolite  and  Inf.  Oolite, 

Yorks.,  PhU. 

—  semiglabrum,  PhU,     Great  Oolite,  Yorks.,  PhiL 

—  incertum,  Phil,    Infl  Oolite,  Yorks.,  PhiL 

—  8triatulum,«9oci;.     Sandst,  Limest.  and  Shale,  Inyei^ 

brora,  Scotland,  Murch, ;  Inferior  Oolite,  Yorks., 
PhU, 

—  gibberulum,  PhU,     Inf.  Oolite,  Yorks.,  Plul, 

—  truncatum.    Sow,       Lias,    Yorks.,  Phil, ;    Sandst., 

Limest  &c.,  Inverbrora,  Murch, 

—  multicostatumy  Bean,    Lias,  Yorks.,  Phil, 
€oncba  crassa.  Sow,    Inf.  Oolite,  Dundry,  Brackenridge  ; 

Inf.  Oolite,  Normandy,  De  C, 
xte  cuueata.  Sow,    Portland  Stone,  S.  £ng. ;  Inf.  Oolite  ? 
Dundry,  Conyh, 

—  excavata.  Sow.    Inf.  Oolite,  Dundry,  Conyh, ;  Inf. 

Oolite,  Norm.,  De  C, 

—  planata,  Sow,    Inf.  Oolite,  Norm.,  De  C, ;  Bradf. 

Clay,  N.  of  Fr.,  Bohl, 

—  trigonalis,  Sow,     Inf.  Oolite,  Dundry,  Johnstone. 

—  orbicularis.    Sow,      Great    Oolite,    Ancliff,     Wilts, 

Cookson. 

—  pumila.  Sow,    Great  Oolite,  Anclifi)   Wilts,  Cook- 

son  ;  Rochelle  Limestone,  Dufr, 

—  Voltzii,        .    Fullon,  near  Vesoul,  Horn, 

—  sp.  not  determined.  Lias,  Mid.  and  S.  Eng.,  Conyh,; 

Coral  Rag  and  Kim.  Clay,  Haute  Saone,   Thir, ; 
Comb.,  Wilts,  Lons, 
»sina    ovata,    Smith,      Coralline  Oolite,  Wilts;    Ozon; 
Yorka.,  PhU, 

—  elegans.    Sow,    Coralline  Oolite   and    Infl   Oolite, 

Yorks.,  PhU,;  Rochelle  Limest.,  Dufr,;  Shell 
Limest.  and  Calc.  Grit,  Portgower,  &c.,  Murch, ; 
Limest,  Shale,  Sandst,  Inverbrora,  Murch, 

—  aliena,  PhU,    Coralline  Oolite,  Yorks.,  Phil, 
extensa,  Phil,    Coralline  Oolite,  Yorks.,  PhiL 

—  carinata,  PhU,    Calc.  Grit,  Oxford  Clay,  and  Kell. 

Rock,  Yorks.,  PhU, 

—  lurida.  Sow,    Inf.  Oolite,  Dundiy,  Conyh, ;  Oxford 

Clay,  Yorks.,  PhU. 
— -  minima,  Phil,    Great  Oolite,  Inf.  Oolite,  and  Lias, 
Yorks.,  PhU, ;  Kim.  Clay,  and  Coral  Rag,  Hamti^ 
Saone,  Thir. 
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1.  Venus  yaricosa,  1^019.    Felmersham,  Sow, 

f  species  not  determined.  Coral.  Oolite,  Calc.  Grit  i&i 
Lias,  Yorks.,  Phil,;  Portland  Stone,  SmUk;  Cool 
Rag,  Norm.,  De  C.;  Sandst,  Shale,  &c,  Inro- 
brora,  Scod.,  Murch. 

1.  Cytherea  dolabra,  PhU,     Great  Oolite,  Yorks.,  PhSL 

2.  ■  trigonellaris,  Voltz,     Lias,  Gundershofen,  Foto. 

3.  ■  lucinea,  VoUz,    Lias,  Gundershofen,  Vott%, 

4.  ■  cornea,  Voltz.     Lias,  Gundershofen,  FoUx. 

,  sp.  not  determined.    Coralline  Oolite,  Yorks.,  PJaL; 
Lias,  N.  of  Fr.,  Bobl. 

1.  Pullastra  recondita,  Phil,     Great  Oolite,  Yorks.,  Phil, 

2,  obhta,  Phil.     Inf.  Oolite,  Yorks.,  Phil, 

,  species  not  determined.    Lias,  Yorks.,  Phil, 

1.  Donax  Alduini,  J  I,  Brong,     Inf.  Oolite?  N.  of  Fr.,  5o6i; 
Kim.  Clay,  Havre  and  the  Jura,  AL  Brong, 

1.  Corbis  Isevis,  Sow,    Coralline  Oolite?   Kell.  Rock?  YoTk^ 

Phil, :  Marsham  Field,  Oxford,  Smith, 

2.  ovalis,  Phil,    Kell.  Rock,  Yorks.,  Phil, 

3.  uniformis,  Phil,  Lias,  Yorks.,  Phil, 

1.  Tellina  ampliata,  Phil.     Coralline  Oolite,  Yorks.,  PhU, 
1.  Psammobia  laevigata,  PhU,    Coralline  Oolite,  Great  Odit^ 

and  Inf.  Oolite,  Yorks.,  Phil, 

1.  Lucina  crassa,  <9oii7.     Sandstone  and  Rubbly  Limestone,  Bn^ 

ambury  Hill,  Brora ;  Great  Arenaceous  Formatioii 
Western  Islands,  Scotl.,  Murch, ;  Calc.  Griti 
Yorks.,  Phil.;   Lincolnshire,  Sow, 

2.  lyrata,  Phil,    Kell.  Rock,  Yorks.,  PhU, 

3.  ■  despecta,  Phil,    Great  Oolite,  Yorks.,  Phil. 
,  sp.  not  stated.     Coral  Rag  and  For.  Marb.,  Nonn. 

De  Cau, ;  Inf.  Oolite,  Yorks.,  Phil, ;  Shale,  &c. 
Inverbrora,  Scotl.,  Murch, 

1.  Sanguinolaria  undulata,  Sow.    Sandst,  Limest.,  and  Shale, 

Inverbrora,  Scotl.,  Murch, ;   Calc.  Grit,  Ox- 
ford Clay,  and  Combrash,  Yorks.,  PAi/.  • 

2.  elegans,  Phil,    Lias,  Yorks.,  Phil, 

,  sp.  not  determined.     Lias,  Ross  and  Cromarty* 

Scotl.,  Murch,;  Lias,  Yorks.,  Phil, 

1.  Corbula  curtansata,  Phil,     Coralline  Oolite  and  Kell.  Rocki 

Yorks.,  Phil, 

2.  ■  depressa,  PhU.    Great  Oolite,  Yorks.,  PhU, 

3.  ?  cardioides,  Phil,     Lias,  Yorks.,  PhU. 

4.  obscura,  Sow,     Brora,  Murch, 

,  sp.  not  determined.     For.  Marb.,  Wilts,  Lons. 

1.  Mactra  gibbosa,  For.  Marb.,  Norm.,  De  C, 

1 .  Amphidesma  decurtatum,  Phil,     Cornb.  and  Great  Ot^^ 

Yorks.,  PhU, ;  Kim.  Clay?  and  Great  Oolite' 

Haute  Saone,  Thvr. 
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apbidesma  recurvum,  Phil,    Coralline  Oolite  ?  and  Kell. 
Rock,  Yorks.,  PhU, ;  Kim.  Clay,  Havre,  Phil. 

securiforme,  PhiL    Comb.,  Inf.  OoliteJ  Yorks., 

Phil,;  Kim.  Clay,  Havre,  Phil. 
— — -  donaciforme,  Phil,     Lias,  Yorks.,  Phil, 

rotundatum,  Phil,     Lias,  Yorks.,  Phil, 

traria  Jurassi,  Brong.     For.  Marb-,  Ligny,  Meiise,  Brong, 

strochaena  tortuosa.  Sow,    Inf.  Oolite,  Yorks.,  Phil. 

rsL  literata,  Sow.    Coralline  Oolite,  Calc.  Grit.,  Oxford  Clay, 

Kelloway  Rock,  Comb.,  Inf.  Oolite,  and  Lias,  Yorks., 

Phil, ;  sWe,  Sandstone,  and  Limestone^  Inverbrora, 

Scotl.,  Murch, 

—  depressa.  Sow,     Oxford  Clay  1  Yorks.,   Phil. ;     Kim. 

Clay?  Angoul^me,  Dufr,;  Kim.  Clay,  Ha\Tre,  Phil. ; 
Sbfde,  Limestone,  and  Sandstone,  Inverbrora,  Scotl., 
Murch. 

—  calceiformis,  Phil.     Kell.  Rock,  Great  Oolite,  and  Inf. 

Oolite,  Yorks.,  Phil.   . 

—  dilata,  Phil.     Inf.  Oolite,  Yorks.,  Phil. 

• —  sequata,  Phil,     Inf.  Oolite,  Yorks.,  Phil. 

—  V  scripta.  Sow.     Inf.  Oolite,  Dundry,  Conyh. ;  Great 

Oolite,  Alsace,  Brong.  ;  Micaceous  Sandstone,  West- 
em  Islands,  Scotl.,  Murch, 

—  Mandibula,  Sow.  Kim.  Clay?  Env.  of  Angouleme,  Dvfr. 

—  angulifera,  Sow.     Great  Oolite,  Haute  Saone,  Thir, ; 

Lias,  Alsace,  Vollz;  Fuller's  Eartb,  Environs  of  Bath, 
Lons, 
loladomya  Murchisoni,  Sow,    Sandstone,  Limestone,  and 

Shale,  Inverbrora,  Scotl.,  Murch,;  Coralline 

Oolite  1   and  Combrash,  Yorks.,  Phil, ;  Inf. 

Oolite,  Normandy,  De  Can. 

simplex,  Phil.     Calc.  Grit,  Yorks.,  Phil. 

: deltoidea,  Sow.     Calc.  Grit,  Yorks.,  Phil. ;  Kell. 

Rock  and  Combrash,    Midi,  and  S.   Engl., 

Conyh. 
obsoleta,  Phil.    Oxford  Clay  and  Kell.  Rock, 

Yorks.,  PhU, 
ovalis.  Sow,  Combrash,  Yorks.,  Phil. ;  Portland 

Stone,  Conyh,;  Oxford  Clay,  Normandy,  DcC; 

Kim.  Clay  ?  Angouleme.  Rochelle  Limestpne, 

Dufr, 
acuticostata,  Sow,     Great  Oolite,  Yorks.,  Phil, ; 

Kim.  Clay,  Cahors,   S.  of  Fr.,  Dufr.;   liino. 

Clay?  Angouldme,  Dufr.;  Kim,  Clay,  Haute 

Saone,  Thir.;  Brora,  Farey, 

nana,  Phil,     Great  Oolite,  Yorks.,  Phil, 

1 producta,  Sow,    Great  Oolite?  YorkB.^   Fh.iL\ 

R 
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Cornb.  and  Inf.  Oolite,  Midi,  and  S. 

Conyh.;  Comb.,  Wilts,  Lons. 
9.  Pboladomya  obliquata,  Phil,    Great  Oolite,  Inf.  Oolite,  aad 

Lias,  Yorks.,  Phil. 
10.  fidicula.  Sow.   Inf.  Oolite,  Yorks.,  PhiL;  Cornk, 

Mid.  and  S.  of  £ng. ;    Inf.  Oolite,  Dundiy, 

Conyh.;  Lias,  Norm.,  DeC;  Comb.,  Wilts; 

Full.  £.,  £nv.  of  Bath,  Lons. ;  Soleure^  ifcM; 

Inf.  Oolite,  Haute  Saone,  Thir, 
11. obtusa.  Sow.    Inf.  Oolite,  Dundry,  Conyh. 

12.  . ambigua.  Sow.     Inf.  Oolite,    Dundry,  Comjb.; 

0:£ford  Clay,  Norm.,  De  C. ;  Lias,  S.  of  Fr., 
Dufr.;   Lias,    Alsace,    Voltz ;     lias,  Batb, 
Lona. ;    Lias,    Soleure;    Porta  Wes^balict, 
«  Hcen. ;  Lias  Bablingen,  Von  Buch. 

13.  sequdis.  Sow.    Weymouth,  Sow,;    Inf.  Ooliti^ 

Norm.,  De  C. 

14.  gibbosa,        .    Lias,   Norm.,  De  C. ;   Soleure^ 

Hcen. 

15.  Proteii,  Brong,  RocbelleLimest.,  Dufr.;  Kio. 

Clay,  Havre  and  the  Jura,  Brong, ;  Portland 
Beds  and  Kim.  Clay,  Haute  Saone,  Thir. 

16.  clathrata,  il/tm*<.  Bayaria;  Hohenstein,  Saxonj, 

MunsL 

f  species  not  determined.     Oxford  Clay,  Hault 

Saone,  Thhr. 
1.  Panopaea  gibbosa,  Sow.    Great  Oolite?  Yorks.,  Phil.;  \vi 
Oolite,  Dundry,  Conyh. 

1.  Pholas  recondita,  Phil.    Coralline  Oolite,  Yorks.,  PhU. 

2.  ?  compressa.  Sow.  Kim.  Clay,  Oxford,  G.  E.  Sffuik. 

MOLLUSCA. 

1 .  Dentalium  giganteum,  Phil.    Lias,  Yorks.,  Phil. 

2.  cylindricum.  Sow.   Lias,  Mid.  and  S.  Eng.,  Cowjfi. 

,  species  not  determined.     Calc.  Grit,  Yorks.,  PAit 

1.  Patella  latissima,  Sow.     Oxford  Clay,  Yorks.,  Phil. ;  Oxford 

Clay,  Mid.  and  S.  of  Eng.,  Conyh. 

2.  rugosa,  .yow.  For.Marb.,  Mid.andS.ofEng.,  Cony^.; 

For.  Marb.,  Norm.,  De  C* 

3.  ■  laevis,  Sow.    Lias,  Mid.  and  S.  of  Eng.,  Conyh. 

4.  lata.  Sow.     Stonesiield  Slate,  Sow. 

5. ancyloidesjiyow.  Great  Oolite,  Ancliff,  Wilts,  Cooktce. 

6.  nana,  Sow.    Great  Oolite,  Ancliff,  Wilts,  Cookson. 

7.  discoides,  Schlot.    Lias,  Gundershofen,  VoUz. 

1.  Emarginula  scalaris,   Sow.      Great  Oolite,    Ancliff,  Wilti) 

Cookson. 

2.  JraeduB  pKcatus,  Sow.    Great  Oolite,  Wilts,  Lone. 
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idUa,  ipecies  not  stated.  Great  Oolite  and  For.  Marb., 
Norm.,  De  C, 

dla  elbngata,  PkU,    Coral.  Oolite,  Yorks.,  Phil. 

;licina  polita,  Sow,*    Inf.  Odite,  Cropredy,  Conyh, 

compressa,  Sow.     Lias,  Mid.  and  S.  of  £ng.,  Conyh. 

expansa,  Sow.     Lias,  Mid.  and  S.  of  Eng.,  Conyh. 

solarioides,  Sow.    Lias,  Mid.  and  S.  of  Eng.,  Conyh. 

iricnla  Sedgvici,  Phil.    Inf.  Oolite,  Yorks.,  PhiL 

^lania  Heddingtonensis,  Sow.  Coral.  Oolite,  Comb.,  Great 
Oolite  and  Infl  Oolite,  Yorks.,  Phil. ;  Coral  Rag, 
Mid.  and  S.  of  Eng. ;  Inf.  Oolite,  Dundiy,  Co- 
nyh,;  Coral  Rag  and  Inf.  Oolite,  Norm.,  De  C; 
Rubbly  Limest.,  &c.,  Braambury  Hill,  Brora, 
Murch. ;  Kim.  Clay,  Havre,  Phil. ;  Inf.  Oolite? 
Haute  Saone,  Thir. ;  Coral  Rag,  Weymouth,  Sedg. 

-^—  striata,  Sow.  Coral.  Oolite  and  Great  Oolite  ?  Yorks., 
Phil. ;  Coral  Rag  and  Lias,  Mid.  and  S.  of  Eng., 
Conyh. ;  Coral  Rag,  N.  of  Fr.,  Bohl. ;  Kim.  Clay, 
Havre,  Phil. ;  Coral  Rag,  Weymouth,  Sedg. 

vittata,  PhU.    Comb.,  Yorks.,  PhU. 

lineata,  Sow.     Inf.  Oolite,  Yorks.,  PhU. ;  Inf.  Oolite, 

Dundry,  Conyh. ;  Inf.  Oolite,  Norm.,  De  C. 

,  species  not  determined.     Great  Oolite,  Mid.  and  S. 

of  Eng.,  Conyh. 

ludina,  qiecies  not  determined.  Portland  Beds,  Haute 
Saone,  Thir. 

apullaria,  species  not  determined.  Coral  Rag,  Comb,  and 
Inf.  Oolite,  Mid.  and  S.  Eng.,  Conyh.  ;  Coral 
Rag,  Norm.,  De  C. ;  Brad.  Clay,  N.  otFr.y  Bohl. 

!rita  costata.  Sow.  Inf.  Oolite,  Yorks.,  Phil..;  Great 
Oolite,  Ancliff,  Wilts,  Coohon. 

—  sinnosa.  Sow.    Portland  Stone,  Conyh. 

—  laevigata.  Sow.     Inf.   Oolite,   Dundry,  Conyh.;  Shell 

Limestone  and  Calc.  Grit,  Portgower,  &c.,  Scotland, 
Murch. 

—  minuta,  Sojv.     Great  Oolite,  Anclifi^  Wilts,  Coolcson. 
itica  arguta.  Smith.    Coral.  Oolite,  Yorks.,  Phil. 

—  nodulata,  Y.  ^  B.    Coral.  Oolite,  Yorks.,  Phil. 

—  cincta,  Phil.    CoraL  Oolite,  Yorks.,  PhU. 

-^  adducta,  Phit.    Great  Oolite  and  Inf.  Oolite,  Yorks., 
Phil. 

—  tumidula,  Bean.    Inf.  Oolite,  Yorks.,  PhU. 
— ,  species  not  determined.    Lias,  Yorks.,  PhiL 
riiatilla,  species  not  determined.    Lias,  Mid.  and  S.  Eng 

Conyh. 

*  Turho  caUosut,  Deshayes* 
R2 


\ 
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1.  Vennetus  compressus,  F.  4*  -S*    CoraL  Oolite^  Id£  Oolite^    ' 

Yorks.,  Phil 

2.  Nodus,  PhU.    Comb.,  Great  Oolite,  York*.,  PfcO. 

'■ ,  species  not  determined.     Cmnbrask,  Wilts,  Loiu, 

Delphinula,  species  not  determined.    Coral.  Oolite  and  Great 

Oolite,  Yorks.,  PhU. 
.1.  Solarium  Calix,  Bean.     Inf.  Oolite,  Yorks.,  Phi/, 
2.  : —  conoideum.  Sow.    Portland  Stone,  Contfb, 

1.  Cirrus  cingulatus,  Phil,    Calc.  Grit,  Yorks.,  PhiL 

2,  depressus.  Sow,     Kell.  Rock,  Yorks.,  Phil, 

S,  nodosus.  Sow.    Inf.  Oolite,  Dundry,  Conyb, 

4.  Leachii,  Sow.    Inf.  Oolite,  Dundry,  Conyb, 

5.  carinatus.  Sow.     Inf.  Oolite,  Wilts,  Lont. 

,  species  undetermined.     Idas,  N.  of  Fr.,  Bobl. ;  Oxtotd 

Clay,  Haute  Saone,  ITiir. 
.  1.  Pleurotomaria  conoidea,  Desh.    Normandy,  Desk. 

2.  omata,  Defr.     Inf.    Oolite,  Bayeux,  Desh,; 

Inf.  Oolite,   Dundry,    Conyb. ;    Inf.   Oolite, 
Norm.,  De  C. ;  Lias,  N.  of  France,  Bobl, 

1.  Trochus  arenosus.  Sow.    Coral.  Oolite,  Calc.  Grit,  Combi, 

and  In£  Oolite,  Yorks.,  Phil. ;  Inf.  Oolite,  Dundiy, 
Conyb, ;  Inf.  Oolite,  Norm.,  Dt  C, 

2.  %  tomatilis,  PhU,    Coral.  Oolite,  Yorks,,  PhiL 

3.  Tiara,  Sow,    Calc.  Grit,  Yorks.,  Phil,  ;  Coral  Ragj 

Mid.  and  S.  £ng..  Inf.  Oolite,  Dundry,  Conyb,; 
Inf.  Oolite,  Norm.  De  C, 

4.  guttatus,  Phil.    KeU.  Rock,  Yorks.,  PhU. 

5. monilitectus,  Phil.    Great  Oolite,  Yorks.,  Phil. 

6.  bisertus,  Phil,     Inf.  Oolite,  Yorks.,  PhiL 

7.  —  pyramidatus,  Bean.     Inf.  Oolite,  Yorks.,  PhiL 

8.  Anglicus,  Sow.    Lias,  Yorks.,  PhU. ;  Lias,  Mid.  and 

S.  £ng.,  Conyb. ;  Inf.  Oolite,  Haute  Saone,  Tkir. 

9.  angulatus.  Sow.      Inf.  Oolite,  Mid.   and  S.  EngT 

Conyb. ;  Inf.  Oolite,  Norm. 

10.  dimidiatus,  Sow.    Inf.   Oolite,  Mid  and  S.  £Dg.f 

Conyb. 

1 1 .  duplicatus.  Sow.     Inf.   Oolite,   Mid.   and  S.  £ng> 

Conyb.;  Inf.  Oolite,  Haute  Saone,  Thir. ;  Litfi 
Gundersbofen,  VoUz. 

1 2.  elongatus.  Sow.     Inf.  Oolite,  Dundry,  Conyb. ;  For. 

Marb.  and  Inf.  Oolite,  Norm.,  De  C. 
l.*j.  punctatus,  aS'oit.     Inf.  Oolite,  Dundry,   Conyb. ;ht- 

Oolite,  Norm.,  De  C. 
14. —  abbreviatus.  Sow.    Inf.  Oolite,  Dundry,  Conyb.;  Inf- 

Oolite,  Norm.,  De  C. 
15.  fasciatus.  Sow.    Inf.  Oolite,  Dundry,  Conyb.;  In^ 

Oolite,  Norm.,  De  C. 
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irochufl  promineus,  Swo.    Inf.  Oolite,  Dundry,  Conyf>, ;  Inf. 

Oolitei  Norm.,  De  C, 
'  imbricatus,  Sow.     Lias,  Mid.  and  S.  £ng.,  Conyh. ; 

Inf.  Oolite,  Norm.,  De  C. ;  Lias,  S.  of  Fr.,  Dufr, ; 

Soleure,  Horn, 
reticulatus,  Sow»    Inf.  Oolite,  Norm.,  De  C.  ;  Coral 

Rag,  Weymouth,  Sedg, 
— —  rugatus,   Benett,    Portland    fi^^ds,  Tisbury,  Wilts, 

BenetU 
speciosus,  MunsL    Hohenstein,  Saxony ;  Inf.  Oolite, 

Bavaria,  Munst, 


,  species  not  determined.    Portland  Stone  and  Bradford 

Clay,  Mid.  andS.  £ng.,  Conyh,;  Coral  Rag,  Norm., 
De  C, ;  Oxford  Clay,  Coral  Rag,  and  Great  Oolite, 
Haute  Saone,  Thir, 

issoa  Isevis,  Sow.    Great  Oolite,  Ancliff,  Wilts,  Cookaou, 

—  acuta,  Sow,    Great  Oolite,  Anclifl^  Cookson, 

—  obli^uata,  Sow,    Great  Oolite,  Ancliff,  Cookson, 

—  duplicata.  Sow,     Great  Oolite,  AnclifT,  Cookson, 
irbo  muricatus.  Sow.     Coral.  Oolite,  Great  Oolite,  and  Inf. 

Oolite,  Yorks.,  Phil, ;  Coral  Rag,  Mid.  and  S.  Eng., 
Conyb. ;  Coral  Rag,  Weymouth,  Sedg. 

—  funiculatus,  Phil.     Coral.  Oolite,  Yorks.,  Phil. 

—  sulcostomus,  Phil.  .  Kell.  Rock,  Yorks.,  Phil, 

—  unicarinatus.  Bean,     Inf.  Oolite,  Yorks.,  Phil, 

—  laevigatus,  Phil,     Inf.  Oolite,  Yorks.,  Phil. 

—  undulatus,  PhU,    Lias,  Yorks.,  Phil, 

— '    omatus.  Sow.     Inf.  Oolite,  Mid.  and  S.  Eng.,  Conyh. ; 
Inf.  Oolite,  Norm., /)tfC.;  Lias,  Gundershofen,  Voltt. 

—  obtusus,  Sow.     Great  Oolite,  Ancliff,  Cookson. 

— ,    species  not  determiued,   Comb,   and  Great  Oolite, 
Norm.,  De  C, 

lasianella  cincta,  Phil.     Great  Oolite,  Yorks.,  Phil. 

uritella  muricata.  Sow.  Coral.  Oolite,  Calc.  Grit,  Kell. 
Rock,  and  Inf.  Oolite,  Yorks.,  Phil,  ;  Rochelle 
Limestone,  Dufr.;  Shell  Limestone  and  Grit, 
Portgower,  &c.,  Scotland,  Murch. 
'  '  cingenda.  Sow.  Coral.  Oolite?  Great  Oolite,  and 
Inf.  Oolite,  Yorks.,  Phil. 

quadrivittata,  Phil.    Inf.  Oolite,  Yorks.,  Phil, 

— -^—  concava.  Sow,     Portland  Stone,  Tisbury,  Benett. 

echinata,  FonBuch.    Banz,  Langheim,  Fon  Buch. 

— — ,  species  not  determined.  Portland  Stone,  Coral  Rag  ? 
Cornb.,  For.  Marb.,  and  Brad.  Clay,  Mid.  and  S. 
Eng.,  Conyh.;  Brad.  Clay,  N.  of  Fr.,  Bohl. ;  Port- 
land beds  and  Coral  R^,  Haute  Saone,  Thir. ; 
Lias,  Bath,  Lons,  .    .  . 
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» 1.  Nerinna  tuberculata,  Blain.    Bailly,  near  Avxetre,  Bm* 

2.  Mosae,  Desk,    St  Meliiel  (Meuse),  Desk, 

f  ^ecies  not  determined.   Coral  Rag  and  For.  Mu\). 

Norm.,  De  C. ;  Brad.  Clay,  N.  of  Fr.,  B(AL 
Coral  Rag,  Inf.  Oolite^  Haute  Saone,  7Atr. 
Rochelle,  Nancy,  Desk, 

1 .  Ceritbium  intermedium  (var.).  Bohlhorst,  near  Minden^/ToB 

2.  • muriditum,        .     Miihlhausen,  Bas  Rfain,  //cm 

,  speciesnot  determined.  Lias,  Gundershofen,  VoU 

1 .  Murex  Haccanensis,  PluL    Coral.  Oolite,  Yorks.,  Phil. 

2.  rostellariformis,    Von  Bueh.      Coral  Rag,  Rande 

SchafhauBen,  Von  Buck, 

1.  RosteUaria  bispinoia,  PhtL    Calc.  Grit?  and  Kell.  Roc 

Yorkg.,  Phil 

2.  trifida,  Bean,    Oxford  Clay,  Yorkg.,  PhU, 

3.  —.....^  composita.  Sow,    Sandst,  Limest,  and  Shale,  I 

verbrora,  Scotl.,  Murch, ; Great? and  Inf.  Oolil 
Yorkg.,  PhU, ;  Oxford  Clay,  Weymouth,  Soiq 
Kim.  Clay,  Havre,  PhiU 

^,  spedeg  not  determined.  Liag,York8.,Pi(t/.;  Oxfo 

Clay,  Kell  .Rock,  Comb.,  Forest  Marb.,  and  Ii 
Oolite,  Mid.  and  S.  Eng.,  Conyh, ;  Oxford  Cla 
Norm.,  De  C, 

1.  Pteroceras  Oceani,  AL  Brong,    Kim.  Clay,  Havre  and  tl 

Jura,  Al,  Brong, ;  Portland  Beds,  Kim.  Claj 
Haute  Saone,  Thir, 

2.  — —  Ponti,  Al,  Brong,  Kim.  Clay,  Havre  and  the  Juf 

Al.  Brong, ;  Kim.  Clay,  Haute  Saone,  Thir, 

3.  ■    '  Pelagi,  Al,  Brong,    Kim.  Clay,  Havre  and  tl 

Jura,  Al,  Brong, 
1.  Actaeon  retusus,  Phil,    Calc.  Grit,  Yorks.,  PhU. 

2. glaber,  Bean,    Great  Oolite  and  Inf.  Oolite,  Yorki 

Phil, 
3. humeralis,  Phil,     Inf.  Oolite,  Yorks.,  Phil. 

4.  cuspidatus,  Sow,     Great  Oolite,  Ancliff,  Wilts,  Cm 

9on, 

5.  •  acutus.  Sow,     Great.Oolite,  Ancliff,  Wilts,  Cooktc 

■  ',  species  not  determined.     Lias,  Yorks.,  Phil. 

1.  Buccinum  ufiilineatum.  Sow.    Great- Oolite,  Ancliff,  Will 
Cookaon, 
■  ■■,  species  not  determined.      Shale,    Sandst,   tf 
Limest.,  Inverbrora,  Scotl.,  Murch, 

1.  Terebra  melanoides,  Phil,    Coral.  Oolite,  Yorks.,  Phi, 

2.  ?  granulata,  Phil.    Coral.  Oolite  and  Comb.,  Yorki 

Phil, 

3.  vetusta,  PhiL    Great  Oolite  and  Inf.  Oolite,  York 

Phil. 
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elm  eulcata,      .    ConX  Rag,  N.  of  Fr.  Bohl, 
emnites Bulcatos,  MiU,    Coral.  Oolite?  Calc.  Grit,  Oxlbrd 
Clay,  and  Kell.  Rock,  Yorks.,  Phil,;   Shale, 
Sandst,  and  Limest.,  Inverbrora,  Scotl.,  Murch, ; 
Lias,  S.  of  France,  Dufr, 
— —  fusiformis,  Mill.    Cijml,  Oolite  ?  Yorks.,  PhU, 
gracilis,  PhU,    Oxford  Clay,  Yorks.,  PhiL 
-*—  gracilis,  Hehl,  Lias,  Boll,  Zieten, 

—  abbreviatus,  MiU.  Great  Oolite,  Yorks.,  Phil.; 
Lias,  Ross  and  Cromarty,  Scotland ;  and  Mica* 
ceons  Sandstone,  Western  Islands,  Scotland, 
Murch. 

— ^elongatus.  Miller,  Lias,  Yorks.,  PhU,;  Lias, 
Ross  and  Cromarty,  Scotl.,  Murch, ;  Fer.  Oolite, 
Wasseralfingen,  Zieten, 

—- trisulcatus,  BUun.  Inferior  Oolite,  N.  of  Fr., 
Bohl, 

—  eompressus,  Blain,  Fuller's  £.,  N.  of  Fr.,  Bohl,; 
Inf.  Oolite,  Yorks.,  Sow,;  Lias,  Gundersbofen, 
Voltz;  Inf.  Oolite,  Stuifenberg,  Zieten, 

—  dilatatus,      .     Fuller's  £.,  N.  of  Fr.,  Bohl 

—  apicicurvatus,  Bl.  Lias,  S.  of  Fr.^  Dufr, ;  Lias, 
Alais,  Al,  Brong, 

— » pistilliformis,  Blain,   Lias,  S.  of  Fr.,  Dufr. ;  Lias, 
Gundersbofen,  VoUz, 
brevis,  Blain,    Lias,  Alais,  Brong, 


««-*  longissimus.  Miller,     Lias,  Bath,  Lone,     Lias, 

Boll,  Zieten, 
"-^ — canaliculatus,    Schlot,      Oxford    Clay    and    Inf. 

Oolite,  Haute  Saone,  Thir. 
-"^  ellipticus,  Miller,    Inf.  Oolite,  Haute  Saone,  Thir. 

longus,  Voltz,    Great  Oolite,  Haute  Saone,  Ttwr. 

— —  ferruginosus,  Voltz.    (var.)     Oxford  Clay,  Haute 

Saone,  Thir, 
-"»-  aduncatus.  Miller,    Lias,  Bath,  Lone, 
subclavatus,   Voltz.     Lias,   Gimdersbofenj   Lias, 

Boll,  Voltz. 

—  tenuis,  Stahl,    Lias,  Gundersbofen,  VoUz. 

— -  subdepressus,  Voltz.    Lias,  Gundersbofen,  Voltz, 
— —  subaduncatus,  Voltz,    Lias,  Gundersbofen,   Voltz; 

Lias,  Boll,  Zieten. 
— <—  digitalis,  Biguet,     Lias,  Gundersbofen,  VoHz, 
breviformis,   Voltz,     Lias,  Gundersbofen,    Voltz ; 

Lias,  Boll,  Zieten. 

—  ventroplanus,   Voltz,      Lias,  B^fort,  Haut  Rhin, 

Voltz, 

—  paxillosus,  Schlot,   Lias,  B6fort;  Lias,  BoVi^  VqUh, 
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26.  Belemnites  longisulcatus,  FoUz.    Lias,  Wurtemberg,  Volix, 

27.  — *— —  trifidus,  Foltz,     Lias,  Grundershofen,  FoUz, 

28.  comprimatus,     FoUz,       Lias,     Bahlingen,    Vn 

Buck, 

29.  Aalensis,  Foltz,   Inf.  Oolite,  Stuifenberg,  Wurtem- 

berg,  Zieten, 

30.  : grandis,  Schiibler,    Inf.  Oolite,  Stuifenberg,  Zieiau 

31.  quinquesulcatus,    Blain,      Schlatt,    Wurtemberf, 

Zieten, 

32.  tumidus,  Zieten,     Inf.  Oolite,  Stuifenberg,  ZuU»> 

33. acutus,  Blain.  Lias,  Stuifenberg,  Zieten, 

34.  teres,  Stahl,    Lias,  Gosbach,  Wurtemberg,  Ziein. 

35.  IsBvigatus,  Zieten,    Lias,  Boll,  Zieten, 

36.  — : r-  crassus,  Foltz,    Lias,  near  Goppingen,  Wurtem- 

berg, Zieten, 

37.  semihastatus,  Blain,    Lias,  Gamelshausen,  Wiff- 

temberg,  Zieten, 

38.  incurvatus,  Zieten,    Lias,  Boll,  Zieten. 

39.  pyramidatus,   Schliihler,      Lias,    Gross- Eislinga. 

Wiu*temberg,  Zieten, 

40.  rostratus,  Zieten,   Lias^  Boll,  Zieten, 

41.  irregularis,  /S'cA/o^   Wurtemberg,  Zieten, 

42.  papillatus,  Plieninger,    Lias,  Boll,  Zieten, 

43.  acuminatus,  Schiibler,     Inf.  Oolite,  Stuifenberg. 

44.  subhastatus,    Zieten,      Inf.    Oolite,    Stuifenbergr 

Zieten. 

45.  : canaliculatus,    Schlot,      Inf.   Oolite,   Stuifenbeigi 

4(5,  ^ —  oxyconus,  JTiey/.    Lias,  Boll,  Zieten, 

47.  carinatus,  /Tey/.    Lias,  Boll,  Zieten, 

48.  pygmaeus,  Zieten.    Lias,  Boll,  Zieten, 

49.  uuisulcatus,  Hartmann.  Geisslingen,  &c.,  Wurtco- 

berg,  Zieten. 

50.  bisulcatus,  Hartmann,    Lias,  Boll,  Zieten, 

51.  quadrisulcatus,  Hartmann.    Lias,  Gross-EislingeBj 

near  Goppingen,  Zieten. 

52.  pyramidalis,  Munst.     Lias,  Stuifenberg,  Zieten, 

53.  bipartitus,  Hartmann.     Gruibingen,  Wurtemberg, 

54.  unicanaliculatus,  Hartmann,     Donzdorf,  Wurtem- 

berg, Zieten, 

55.  bicanaliculatus,  Hartmann.     Ganslosen,  Wurtem- 

berg, Zieten, 

56.  tricanaliculatus,   Hartmann,      Lias,    Stuifenberg, 

Bieten, 

57.  quadricanaliculatus,     Hartmann,        Stulfenbeigi 

Zieten, 
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)•  Belemnites  quinquecanaliculatus,  Harimann.  Lias,  near  Gop- 
pingen,  Zieten, 

species  not  determined.   Kim.  Clay  and  Inf.  Oolite, 

Yorks.,  Phil,  Kim.  Clay,  Coral  Rag,  Oxford 
Clay,  Kell.  Rock,  Stonesfield  Slate,  Bradford 
Clay,  and  Inf.  Oolite,  Mid.  and  S.  England, 
Conyh.;  Oxford  Clay,  For.  Marb.,  Great  Oolite, 
Inf.  Oolite,  and  Lias,  Norm.,  De  C. ;  Lias,  N. 
of  Fr.,  BobL 

1.  Orthoceratites  ?  elongatus,  De  /a  B,    Lias,  Lyme  Regis,  De 

laB. 

1.  Nautilus  hexagonus,  Sow,   Kell.  Rock?  Yorks.,  Phil.;  Calc. 

Grit,  Oxford,  Sow, 

2.  ■  lineatus,  Sow,     Inf.  Oolite  and  Lias,  Yorks.,  Phil. ; 

Inf.  Oolite,  Dundry,  Conyh.;  Inf.  Oolite?  Haute 
Saone,  Thir,;  Lias,  Bath,  Lons, 

3. astacoides,  Y,  ^  B,     Lias,  Yorks.,  Phil. 

I. annularis,  PhU,    Lias,  Yorks.,  Phil. 

5. obesus.  Sow.     Inf.  Oolite,  Mid.  and  S.  Eng.,  Conyh, ; 

Inf.  Oolite,  Norm.,  De  C, 
5.  ,  sinuiatus.  Sow.    Inf.  Oolite,  Mid.  and  S.  Eng.,  Conyh.; 

Oxford  Clay,  Norm.  ?  De  la  B, 

h intermedins.  Sow,     Lias,  Mid.  and  S.  Eng.,  Conyb^ 

B. striatus.  Sow,   Lias,  Mid.  and  S.  Eng.,  Conyh. ;  Lias, 

Alsace,  Brong, 

9. truncatus.  Sow,     Lias,  Mid.  and  S.  Eng.,  Conyh. ; 

Far.  Marb.  and  Lias,  Norm.  De  Cau, 
}.  '  angulosus,  D'Orhigny,     Portland  Stone,   Isle  d'Aix, 

Brong. 
— ,   species  not  stated.     Great  Oolite,   Yorks.,  Phil.; 
Kim.  Clay,  Coral  Rag,  Oxford  Clay,  Kell.  Rock, 
and  Stonesfield  Slate,  Mid.  and  S.  Eng.,  Conyh. ; 
Coral  Rag,  Norm.,  De  Cau.;  Fuller's  Earth,  N.  of 
Yx.,Bohl, 
Hamites,  species  not  determined.     Lias,  Zell,   near  Boll, 
Zieten;  Inf.  Oolite,  Bayeux,  Desh.  8f  Majendie*. 
.  Scaphites  bifurcatus,  Hartmann,  Lias,  Goppingen,  Wurtem- 
berg,  Zieten. 
•  '  species  not  determined.  Lias,  S.  of  England,  Conyh. 
Turrilites  Babeli,  Al.  Brong,    Coral  Rag?  N.  of  Fr.,  Bohl. 
,  Ammonites  perarmatus.  Sow,     Coral  Rag,  Malton,   Sow. ; 
\]oral.  Oolite,  Calc.  Grit,  and  Kel.  Rock,  Yorks^ 

*  It  should  also  be  noticed,  that  M.  Deshayes  (Desc.  des  Coquilles 
racteristiques  des  Terrains)  describes  and  figures  a  Hamlte,  by  the 
ne  of  Hamites  annulatus,  as.  found  in  the  ferruginous  oolite,  but  ua.^ 
tunatdy  does  not  mention  the  locality. 

R  5 
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Phil, ;  Oolitic  Rocks,  Braamburj.  H31,  Bran, 

Murch.;  Coral  Rag,  Wilts,  Lons.;  Coral  Rag, 

Randen,  Von  Buck. 
2.  Ammonites  plicomphaliu,  Sow,    Bolingbroke,  Lincolnshire, 

Sow,;  Kim.  Clay?  Yorks.^  Phil,;  Oxford  Clay, 

Norm.,  De  C. 
3. triplicatus,   Sow,     CoraL  Oolite,  Yorks.,   PhiL; 

luf.  Oolite,  Norm.,  De  C;  Coral  Rag,  Randea, 

Fon  Buck, 
4. plicatilis.  Sow,     Coral.  Oolite  and  Kell.  Rod, 

Yorks.,  Phil,;  Coral  Rag,  Mid.  and  S.  £ng^ 

Conyh.;  Oxford  Clay  and  KelL  Rock,  Haute 

Saone,  Thir.  ;  Coral  Rag,  Randen,  Von  Buck. 

5.  WilUamsoni,  PhiL    CoraL  OoHte,  Yorks.,  PkiL 

6.  Sutherlandis,  Sow,    Sandstone,  Braambury  HID, 

Brora,  Murch,;  Corsl  Oolite,  and  Calc.  Got, 
Yorks.,  PhiL 

7.  sublaeyis,«S'oct;.  Coral.  Oolite  and  Kell.  Rock,  Yorb, 

Phil;  Full.  £.,  env.  of  Bath,  Lom,;  Oxfoiti 
Clay,  Begdngen,  Scbafhaiisen,  Fon  Buck ;  KeH 
Rock,  Mid.  and  S.  £ng.,  Coni^. ;  Oxford  €%, 
Norm.,  De  la  B, 

8. lenticularis,  PhiL    CoraL  Oolite  ?  Kell.  Rock,  and 

Lias,  Y(n^.,  PhiL 

9.  vertebralis  and  cordatos.  Sow.   Coral.  Oolite,  Calc 

Grit,  and  Oxford  Clay,  Yorks.,  PhiL;  Cad 
Rag,  Mid.  and  S.  £ng.,  Conyh, ;  Oolite  of  Braam- 
bury Hill,  Brora,  Murch, ;  Kim.  Clay  aad  Oit 
Clay,  Haute  Saone,  Thir.;  Coral  Rag,  Willi, 
Lon». ;  Inf.  Oolite,  Stuifenberg,  Zieten. 

10.  instabilis,  Phil,    Calc.  Grit,  Yorks.,  PhU. 

11.  Solaris,  PhU.      Calc.  Grit.,  Yorks.,  PhiL;  Lias, 

Boll?  Zieten. 

12.  oculatus,  PAi7.     Oxford  Clay,  Yorks.,  PhiL 

13.  Vemoni,  Bean,    Oxford  Clay,  Yorks.,  PhU. 

14.  Atbleta,  PhiL  Oxford  Clay  and  Kell.  Rock,  Yorks., 

PAi/. 

15.  Koeniffi,  Sow.     KelL  Rock,  Yorks.,  PhiL ;  Kell. 

Rock,  Kelloways,  Wilts ;  Lias,  Charmouth,  ^otr.; 
Micaceous  Sandst.,  Western  Islands,  Scotl^ 
Murch,;  Solenhofen,  J^ceas. 

16.  bifrons,  PhU,*    KelL  Rock,  Yorks.,  PhU. 

17.  • Gowerianus,  Sow.     Sbale,  Sandst.  and  Limest, 


*  This  Ammonite  must  be  distinguished  from  A.  hifront,  Brugui^ 
vrhich  it,  according  to  M.  Deshayes,  the  J.  WakotU  of  Sowerby. 
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Imrerbrora,  Scotl.,  Mureh. ;  KelL  Rock,  Yorlu^ 
Phil. 

bnmonites  Calloviensis,  Sow.    Kell.  Rock,   Yorks.,  PhiL ; 
Kell.  Rock,  Kelloways,  Sow. 

—————  Duncani,  Sow.  St.  Neota,  Huntingdonshire,  Dun- 
can ;  Kell.  Rock,  Yorks.,  PhiL ;  Oxford  Clay, 
Midi  and  S.  Eng.,  Conyh.;  Oxfonl  Clay/ Norm., 
De  Cmu. ;  Oxford  Clay,  Haute  Saone,  Thir. 
•        gemmatus,  Phil.    Kell.  Rock,  Yorks.,  Phil. 

• — Herveyi,  iS'oir.     Spalden,  Lincolnshire;  Bradford; 

Knowles  Hill,  Somerset,  Sow,;  Kell.  Rock?  and 
Comb.,  Yorks.,  PhU.;  Inf.  Oolite,  Mid.  and  S. 
Eng.,  Conyh. ;  Inf.  Oolite,  Wasseralfingen,  Wur- 
temberg,  Zieten. 
'  fiexicostatus,  Phil.    Kell.  Rock,  Yorks.,  Phil. 

funifenis,  PhU.    Kell.  Rock,  Yorks.,  Phil. 

terebratus,  PhiL    Comb.,  Yorks.,  PhiL 

Blagdeni,  Sow.    Great  Oolite,  Yorks.,  PhiL  ;  Inf. 

Oolite,  Dundry,  Conyh.;  Inf.  Oolite,  Norm., 
De  Cau. 

—  striatulus.  Sow.      Inf.  Oolite   and  Lias,   Yorks., 

PhU. ;  Lias,  Wasseralfingen,  Zieten, 

heterophyllus.  Sow.      Lias,  Yorks.,  PhiL ;  Lias, 

Midland  and  Southem  England,  Conyh. ;  Gra- 
fenberg,  Hoen, 

: — *  subcarinatuB,  Y.  ^  B.     Lias,  Yorks.,  PhiL 

■  «  Henleii,  Sow.    Lias,  Yorks.,  PhU. ;  Lias,  Mid.  and 

S.  Engl.,  Conyh. 

heterogeneus,  Y.  ^  B.    Lias,  Yorks.,  PhiL 

crassus,  Y.  8f  B.    Lias,  Yorks.,  Phil. 

comnmnis,  Sow.    Lias,  Yorks.,  PhiL  ;  Lias,  Mid. 

and  S.  Eng.,    Conyh.;  Lias,  Western  Islands, 

Scot.,  Murch.;  Soleure,  Hoen.;  Lias,  Wurtem- 

berg,  Zieten. 
angulatus.  Sow.    Lias,  Yorks.,  PMl.  ;  Lia«,  Midi 

andS.  Eng.,  Conyh. 

■  annulatus.  Sow.      Lias,   Yorks.,  PhiL ;    Inferior 

Oolite  and  Lias,  Midi,  and  S.  Eng.,  Conyh,  ; 
Oxford  Clay,  For.  Marb.,  and  Inf.  Oolite,  Norm., 
De  C. ;  Inf.  Oolite,  Uzer,  S.  of  Fr. ;  RocheHe 
Limestone,  Dufr.;  Inf.  Oolite  and  Lias,  Mont- 
dor,  Lyon,  Al.  Brong.;  Coral  Rag,  Inf.  Oolite, 
Wilts,  Lona.;  Coburg,  HoU ;  Inf.  Oolite,  Ga- 
melshausen,  Wurtemberg,  Zieten.  ^ 

fibulatus.  Sow.     Lias,  Yorks.,  PhiL 

'  subarmatus.  Sow.    Lias,  Yorks.,  PhU. 

■      maculatus;  Y,  ^  B.    Lias^  Yoika.^  PhU. 
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38.  Ammonites  gagateus,  F.  ^  B,    Lias,  Yorks.,  Phil. 

39.  planicostatus,  Sow,    Maston  Magna,  Yeovil,  So- 

merset, Soiv, ;  Lias,  Yorks.,  Phil, ;  Lias,  Mid. 
and  S.  Eng.,  Conyh, ;  Lias,  Bath,  Lofu. ;  KaUfr* 
feld,  Hartz ;  Amberg,  Altdorf,  Holl;  Lias,  Bah* 
lingen.  Von  Buch. 
40. balteatus,  Phil,     Lias,  Yorks.,  PhU, 

41.  arcigerens,  Phil,    Lias,  Yorks.,  Phil, 

42.  brevispina.  Sow.      Lias,  Western  Islands,  ScotL, 

Murch, ;  Lias,  Yorks.,  Phil, 

43. Jamesoni,   -Sow.     Lias,   Western   Islands,  Scotl., 

Murch, ;  Lias,  Yorks.,  Phil, 

44.  erugatus.  Bean,    Lias,  Yorks.,  Phil. 

45. fimbriatus,  «Sott;.  •      Lias,    Lyme  Regis,  Buekl 

Lias,  Yorks.,  Phil,;  Lias,  Mid.  and  S.  £Dg.| 
Conyh,;  Lias,  Norm.,  De  C ;  Lias,  Wurtem 
berg,  Zieten;  Lias,  Mende,  Lozere,  Bom 
Randen,  Von  Buch. 

46.  nitidus,  Y,  ^  B,  .  Lias,  Yorks.,  Phil, 

47.  anguliferus,  Phil,.    Lias,  Yorks.,  PAf7. 

48.  crenularis,  Phil,    Lias,  Yorks.,  Phil, 

49. Clevelandicus,  F.  ^  5.     Lias,  Yorks.,  PAi7. 

50.  —  Turueri,»SoM;.  Lias,  Watch  et;  WjonondhamAbbeTi 

Sow.;  Lias,  Yorks.,  PA  lY. ;  Lias,  South  of  France, 
Dvfr, ;   Lias,  Wurtemberg,  Zieten, 

51.  geometricus,  Phil.     Lias,  Yorks ,  PAi/. 

52. vittatus,  T.  8f  B.     Lias,  Yorks.,  PAi/. 

53. sigmifer,  Phil.     Lias,  Yorks.,  Phil, ;  Inf.  Oolite, 

Haute  Saone,  Thir. ;  Lias,  Wurtemberg,  VoUi 

54.  Hawkserensis,  Y.  Sf  B.     Lias,  Yorks.,  Phil. 

55. Conybeari,  «Sofi;.     Lias,  Yorks.,  Phil, ;  Lias,  Mid. 

and  S.  £ng.,  Conyh, ;  Lias,  Gundershofen  and 

Buxweiller,  Al.  Brong,;  Lias,  Western  Islands, 

Scot!.,  Murch, 

56.  Bucklandi,   Sow,\      Lias,   Yorks.,    Phil,;   Lias, 

Mid.  and  S.  £ng.,  Conyh,;   Lias,  Norm.,  D' 
Cfltt. 

57.  —  obtusus.  Sow,     Lias,  Yorks.,    Phil,;  Lias,  Mid. 

and  S.  £ng.,  Conyh, 

58.  Walcotii,  Sow.     Lias,  Yorks.,  P/ti/.;  Inf.  Oolite 

and  Lias,   Mid.   and  S«   £ng.,    Conyh.;   Lias, 
Norm.,  De  C;   Lias,  S.  of  Fr.,  Dufr.;  Lias, 

*  According  to  Von  Buch,  this  Ammonite  is  the  same  with  A.  Hneatus, 
and  A.  hircinus  of  Schlotheim. 

f  This  Ammonite  is,  according  to  M.  Deshayes,  the  A.  hitulcatui  ^ 
Bnjigm^re,^'and  the  A,  ArietU  of  Sc\i\otl\e\rcu 


Orfonie  Remain*  of  the  OoUtie  Group.  37d 

B^fort,  Haut  Rhin ;  Lias,  Boll,   Voltz. ;  Achel- 

berg,  Hcen. 
9.  Ammonites  ovatus,  Y.  8f  B,     Lias,  Yorks.,  PhiL 
0. Mulgravius,  Y.  8f  B,     Lias,  Yorks.,  Phil, 

1.  exaratus,  Y,  ^  B.     Lias,  Yorks.,  PhiL 

2. Lythensis,  Y,  4"  B.     Lias,  Yorks.,  PhiL 

3.  concavus.  Sow.     Lias  ?  Yorks.,  PhiL ;  Inf.  Oolite, 

Mid.  and  S.  £ng.,  Conyb.  ;  Lias,  Norm.,  Z)e  C; 

Coburg,  HoU, 
14.  • elegans,  Sow,     Lias  ?  Yorks.,  PhiL  ;  Inf.  Oolite, 

Dnndry,    Conyb,;   Lias,    Norm.,   Z)e  C;   Inf. 

Oolite,  Uzer,  S.  of  Fr.,  Dufr,;  Lias,  Wurtem- 

berg,  Zieten, 
\5, discus,  Sow,     Inf.  Oolite,  Dimdry,  Comb.,  Mid. 

and  S.  £ng.,   Conyb. ;  Inf.  Oolite,  Norm.,  De 

C;  Comb.,  Wilts.,  Lorn.;   Inf.  Oolite,  Wasse- 

ralfingen,  Zieten. 

56.  • Banksii,  Sow.     Inf.  Oolite,  Dundry,  Conyb. 

57.  ■ Braikenridgii,   Sow.      Inferior    Oolite,    Dundry, 

Conyb.;  Inf.  Oolite,  Norm.,  De  C;  Porta  West- 

phalica;  Horn, 
58 Brocchii,  Sow.     Inf.  Oolite,    Dundry,    Conyb.  ; 

Inf.  Oolite,  Haute  Saone,  Thir. 

69. Sowerbii,  MiUer.     Inf.  Oolite,  Dundry,  Conyb. 

70. falcifer,  Sow.  Inf.  Oolite,  Dundry,  Conyb.  ;  Ijias, 

Norm.,  DeC;  Lias,  S.  ofFr.,  Dufr.;  Lias, 

Wurtemberg,  Zieten. 
71.  _—  Brownii,  Sow,     Inf.  Oolite,  Dundry,  Conyb. 
72. laeviusculus.  Sow.     Inf.  Oolite,  Dundry,  Braik- 

enridge  ;  Inf.  Oolite,  Norm.,  De  C. 
73.  ■  acutus.  Sow.    Oxford  Clay,  Inf.  Oolite,  Norm., 

De  C. ;  Lias,  Western  Islands,  Scotl.,  Murch. ; 

Inf.  Oolite,  Haute  Saone,    Thir. 
74. contractus,  Sow,  Inf.  Oolite,  Dundry,  Sow. ;  Inf. 

Oolite,  Norm.,  De  C. 
75. giganteus,  Sow,  Portland  Stone,  Coral  Rag,  and 

Lias,  Mid.  and  S.  £ng.,  Conyb. ;    Portland 

Stone,  Isle  d'Aix,  Brong.  (var.) ;  Inf.  Oolite, 

Haute  Saone,  Thir. 
76. Lamberti,  Sow.  Portl.  Stone,  Conyb. ;  Rochelle 

Limest,  Dufr.;  Coburg;  Heinberg;  Bamberg, 

HolL 
77.  r  excavatus.  Sow.     Coral  Rag,  Mid.  and  S.  Eng., 

Conyb.;  Oxford  Clay,  Norm.,  De  laB. ;  Lias, 

Norm.,  De  C. ;  Altorf,  HolL 
73,  '  armatus,  •S'oti;.    Oxford  Clay  and  Lias,  Mid.  and 
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S.  Eng^  Conyh.;  Oxford  Clay,  NomL,  2 
B.  ;  Oxford  Clay,  Haute  Saone,  Thir,;  ] 
Batb,  Lans. 

79.  Aminoiutes  modioliuris,  Smith.    Futter's  Earth?  Mid. a 

Eng.,  Conyb, 

80.  ■  jiigosus.  Sow,    Inf.  Odite,  Mid.  a»d  S.  ] 

Catufb, 

ai. ..  Stokesii,  Sow,^    In£  Oolite,  Mid.  and  S.  ] 

Conyb,;  Lias,  Norm.,  De  C. ;  Lias,  S.  o 
Ihtfr.;  In£  Oolite,  Haute  Saooe,  Tkir,  ; 
Wurtemberg,  Zieten. 

32.  Strangyaysii,  Saw.    Infl  Oolite,   Mid.  ai 

£ng.,  Conyb. ;  Lias,  Norm.,  De  C. 

33.  __.«^  Brookii,  Sow.    Lias,  Lyme  Regis,  .SttdK. 
$4.  Becbii,  i^ov.     Inf.  Oolite  and  Lias,  Mid.  a 

Eng.,  Conyb.;  Lias,  Lyme  Regis,  DeU 

Coburg,  HolL 
85.  —, : —  stellaris.  Sow.     Lias,  Mid.  and  S.  Eng.,  Coi 

Lias,  Norm.,  De  C. ;  Lyme  Regis,  De  i 
36.  \ Grecnovii,   Saw.      Lias,    Mid.  and   S.  I 

Conyb. ;  Lias,  L3rme  Regis,  De  la  B. 
87,  — ^— —  Loscombi,    Sow.      Lias,    Mid.   and  S.  I 

Conyb. ;  Lias,  Lyme  Regis,  Z)e  ^  j6. 

38.  Birchii, .  Sow,    Lias,  Mid.  and  S.  Engl.,  Cm 

Lias,  Lyme  Regis,  De  la  B. 

39.  . omphaloides,  Sow.    Portland  Stone,  Sow. ; 

ford  Clay,  Norm.,  De  la  B. ;  Gt.  Arena< 

Formation,  Western  Islands,  Seotl.,  Mn 

^90, quadratus,  Sow.     Inf.  Oolite,  Norm.,  De  i 

91.  Genrillii,  Sow.     Inf.  Oolite,  Norm.,  De  C. 

92. Brongniartii,  Sow.     Inf.  Oolite,  Norm.,  Dt 

193, , biplex,  Sow.    Inf.  Oolite,  Norm.,  De  C. ; 

Ross  and  Cromarty,  Scotl.,  Murch. ;  O 
Clay,  Haute  Saone,  Thir. ;  Solenbofen,  j 

94.  rotundus,   Sow.     Inf.  Oolite,    Norm.,    Di 

Kim.  Clay,  Purbeck,  Sow. 

t94. decipiens.     Lias,  Norm.,  De  C.  ;    Hoben; 

Saxony;  Solenbofen,  Munst. 

95,  I       Deslongcbampi       .    Inf.  Oolite,  N.  of  Fr.,. 

97.  ■  vulgaris        .     Bradford  Clay,  N.  of  Fr.,  i 

98.  coronatus        .     Oxford  Clay?  N.  of  Fr.,  . 

99.  Humpbresianus,  Sow.    Lias,  S.  of  Fr.,  J) 

Inf.  Oolite,  Sherborne,  Sow. 

*  A,  Amalthetu. 

f  Found,  according  to  Sowcrby,  in  the  Suffolk  gtareL  . 
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jmnonites  Parkmsoni,  Sow,  Lias,  Yeovil,  Sow, ;  Hohen- 

Bteio,  Saxony,  MunsL ;  Inf.  Oolite,  Bayeux, 

Majendie, 
Gulielmii,  Sow,    Oxford  Clay,  S.  Engl.,  Sow,  ; 

Inf.  Oolite,  Gamelshausen,  Zieten. 
>  Davffii,  Sow,    Lias,   Lyme  Regis,    De  la  B,  ; 

Lias,  Wasseralfingen,  Wurtemberg,  Zieten, 
planorbis,    Sow,      Lias,    Watehet,    Somerset, 

Sow, 
Johnstonii,  Sow.  Lias,  Watehet,  Somerset,  Sow.; 

Lias,  Bath,  Lons, 
corrugatus.  Sow,     Inf,  Oolite,  Dundry,  Braik" 

enridge, 
— rotiformis,  Sow,      Lias,   Yeovil,  Sow,  ;    Liaf> 

Bath,  Lont, 

multicostatus.  Sow,    Lias,  Bath,  iS'ote^. 

Isevigatus,    Sow,      Lias,     Lyme    Regis,     De 

laB. 

lataecostata,  Sow,     Lias,  Lyme  Regis,  Mtirch, 

1 —  Murchisonse,  Sow,    Micaceous  Sandst.,  Hohn 

Cliff,  Western  Islands,  Scotl.,  Murch,;  Inf. 

Oolite,  Allington  near  Bridport,  Murch, 
serpentinus,  Schlot,    Inf.  Oolite,  Haute  Saone, 

Thir. ;  Lias,  Gundershofen,  VoUz. 
cristatus,  Defr,    Wejrmouth,  Bryer ;    Oxford 

Clay,  Haute  Saone,  Thir, 
interruptus,  Schlot,  Oxford  Clay,  Haute  Saone, 

Thir.;  Thimau,  HoU,;  Lias,  Gross-Eislingen, 

Zieten, 

opalinus,  Reineche,  Lias,  Gundershofen,  Voltz, 

latina,  Sow,    Coral  Rag,  Wilts,  Lorn, 

ammonius,  Schlot,  Lias,  Gundershofen,  VoUz; 

Altdorf,  Holl, 

comptus,  Reineche,  Lias,  Gundershofen,  Voliz, 

planulatus,  De  Haan,    Baireuth,  Holl, 

Knorrianus,   De  Haan,     Boll,   Wurtemberg, 

Holl. 

Reineckii,  HoU,    Coburg,  HoU, 

pustulatus,    De   Haan,    Colmrg;     Thumau, 

Holl, 

granulatus,  Brug,    Coburg,  Holl, 

bifiircatus,  Bnig,    Coburg;  Baireuth,  HoU,  i 

Coral  Rag,  Germany,  Von  Buch, 

trifurcatus,  De  Haan.    Coburg,  Holl, 

macrocephalus,  Schlot,   Aran ;  Coburg,  HoU, 

gracilis,  Munst,  Donzdorf,  Wurtemberg,  Zieten* 

Planula,  Het/l,    Donzdorf,  HoU. 
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128.  Amxnonites  Fonticola  *,  Menclce,    Ferruginous  Beds,  Thni- 

nau  ;  Langheim ;  Von  Buck  ;  Gamelshaasen, 
Zteten  ;  Oxford  Clay,  Haute  Saone,  Thir. 

129.  scutatus,  Von  Buck.    Lias,  Banz,  near  Bam- 

berg,  Von  Buck, 

J  30.  canaliculatus,  Munst.     Coral  Rag,  Germao^ 

Von  Buck, 

131,  flexuosus,  Munst.    Coral  Rag,  Streitberg,  neir 

Erlangen;  Donzdorf,  Swabia;  Rathhauseo, 
near  Bahlingen ;  summit  of  Mont  RaDdeo, 
near  Schaf  hausen,  Von  Buck, 

132. crenatus,  Rein.  Coral  Rag,  Germany,  Von  Budu 

133.  —  subfurcatus,  ScJiloL     Lias,  Goppengen,  Zietn. 

;i34.  — : costulatus,  Schlot.  Lias,  Wasseralfingen,  Zietn. 

135.  striolaris,  Rein.    Eybacb,  Wurtemberg,  Zietn> 

136.  '—  maeandrus,  Rein.     Inf.  Oolite,  Gamelshausen, 

Zteten, 

137.  abruptus,  Stdhl,     Eybacb,  Zieten. 

138.  sublaevis,  Munst.     Donzdorf,  Zieten. 

139.  ' •  punctatus,  Sta/il.     Inf.  Oolite,  Gamelshausen, 

Zieten. 

140.  — ^— — ^—  undulatiis,  Stahl.    Lias,  Gamelshausen,  Zietet. 
}4\.  complanatus.  Rein.  Inf.  Oolite,  Gamelshausen, 

Zieten. 
142.  ^  hecticus,  Rein.      Inf.  Oolite,    Gamelshausen, 

Zieten. 
H3.. refractus,  Rein.     Inf.  Oolite,   Gamelshausen, 

Zieten. 
144. annularis.  Rein.     Inf.  Oolite,  Gamelshausen, 

Zieten. 

145.  discus,  Rein.  Ganslosen  ;  Gruibingen,  Zieten. 

146.  ■  Pollux,  i^ein.  Inf.  Oolite,  Gamelshausen,  Zieief^ 

147. BoUensis,  Zieten.    Lias,  Wurtemberg,  Zietf^' 

148.  —  aequistriatus,  Munst.  Lias,  Wurtemberg,  Ziiif^ 

149.  inaequalis,  Merian.     B&le,  Merian. 

150.  tenuistriatus,  Munst.     Solenhofen,  Hoen. 

151.  dubius,  Schlot.    Lias,  Gamelshausen,  Zieten, 

152.  Kridion,  Heyl.    Lias,  Stutgard,  Zieten. 

153.  ' Jason,  Rein.     Lias,  Gamelshausen,  Zieten. 

154. altemans.  Von  Buch.  Coral  Rag,  Muggendorf, 

Gailenreuth,  &c.  Von  Buch. 

155.  Gigas,   Zieten.     Riedlingen  on   the   Danube, 

Zieten. 

156.  dentatus, /2tfm.  Donzdorf,  Wurtemberg,  Ziett*' 

.    *  According  to  Von  Buch  this  Ammonite  is  figured  as  A.  Lunula  by 
Af.  Zieten. 
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157.  Ammonites  denticulatus,  Zieten,   Lias,  Boll,  Zieten, 

158.  ^— —  raricostatiis,  Zieten.     Lias,  Boll,  Zieten, 
159. ' decoratus,  Zieten.     Inf.  Oolite,   Guttenberg, 

Wurtemberg,  Zieten. 

160.  : bipartitus,  Zieten.      Inf.  Oolite,  Guttenberg, 

Zieten. 

161.  — Calcar,   Benz.  Inf.  Oolite,  Guttenberg,  Zieten. 

\  162,  ^  torulosus,  Schiihler.    Lias,  Stuifenberg,  Zieten. 

\  163. varians,  Sow.  Geislingen,  Wurtemberg,  Zieten. 

164.  ■  oblique-costatus,    Zieten.      Lias,   Kaltenthal, 

near  Stuttgart,  Zieten. 

165.  insignis,  Schiibler.     Lias,  Reich enbach,  Zieten. 

166.  ^ oblique-interruptus,  Schiibler..    Lias,  Wasseral- 

^ngeiif  Zieten. 

167.  '  — >—  rotula,  6'oi(7.     Lias,  Gamelshausen,  Zieten. 

168.  7  polygonius,   Zieten.      Lias,   Zell,    near  Boll, 

Zieten. 

169. discuides,  Zieten,     Lias,  Reichenbacb,  Zieten. 

170. Leachi,  aJom;.     Lias,  Gamelshausen,  Zieten,^ 

171. bispinosus,  Zieten.     Wasseralfingen,  Zieten, 

172. biarmatus,  aSom;.  Hohenstein,  Saxony ;  Bavaria, 

Wurtemberg,  Switzerland;  Munst. 

1.  Aptychus*  Isevis,  A/«yer.     Solenhofen  ;  Stafelstein,  Bavaria, 

Meyer. 

2.  • imbricatus,  Meyer.     Solenhofen,  Meyer. 

3. buUatus,  Meyer.     Lias,  Banz,  Meyer. 

4. Elasma,  Meyer.     Lias,  Banz,  Meyer. 

1.  Onychoteuthis  angusta,  Munst.     Solenhofen,  Hosn, 
!•  Loligo  prisca,  Riippell,     Solenhofen,  RUppell, 

2.  • antiqua,  Munst.     Solenhofen,  Hoen. 

!•  Sepia  hastseformis,  Riippell.     Solenhofen,  RuppelL 

• ,  remains  of,  with  ink-bags  preserved.  Lias,  Lyme  Regis, 

Buckl. 
Rhyncolites,  or  Sepia  beaks.   Lias,  Lyme  Regis,   De  la  B.; 
Lias,  near  Bristol,  Miller. 

Crustacea.. 

1.  Pdgurus  mysticus,  Holl.     Solenhofen,  HoU. 
1.  Eryon  Cuvieri,  Desm.     Solenhofen ;  Erchstadt,  Pappenheim, 
Holl. 

2. Schlotheimii,  Holl,     Solenhofen,  Holl. 

1.  Scyllarus  dubius,  ^o//.     Solenhofen,  ITo//. 

1.  PaJaemon  spinipes,  Desm.     Pappenheim,  Solenhofen,  Holl. 

2,  longimanatus,        .     Solenhofen,  Holl, 

Z,       '        W^chii,  Holl.    Pappenheim,  Holl. 

*  TrigmelliteSf  Parkinson ;  TelliniteSf  Schlotheim, 
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1.  AstacuB  modestifonnis,  HolL    Soknbofen,  HdSL 

2.  minutus,  HolL    Solenhofei^  HolL 

3.  ^......^  rostratus,  Phil,    KeUoway  Rock  and  CoraL  Oolils, 

Yorks.,  PhiL 
",  species  not  determined.  Oxford  Clay  aad  Lias,  Toili., 
Phil 
Cniatacea,  not  yet  determined.  Lias,  Midi,  and  S.  Eog^ 
Conyh;  Lyme  Regis,  De  la  B.;  Forest  Maiw^ 
Normandy,  De  Cau, ;  Stonesfield  Slate,  CoAjfi.; 
Bradford  Clay,  North  of  France,  BobL 

Ihsecta. 

Insects  of  t!ie  LibeOula  family,  with  others.    Sdenhofai, 

Munst,  Murch, 
Elytra  of  coleopterous  insects.     Stonesfield  Slate,  LeaAt 

BuckL 

Pisces. 

1.  Dapedium  politum,  De  la  B,    Lies,  Lyme  Regis,  De  Ut  &; 
Lias,  and  Oxford  Clay  of  Normandy^  De  Cm 
1.  Clupea  sprattiformis,  Blain,     Solenhofen,  Hall, 

Fish,  species  not  yet  determined.    Several  in  the  Lias,  Lyvt 
Regis,  De  la  B,;  Barrow,  Leicestershire,  C(mi^,i 
Portland  Beds,  Tisbury,  Wilts,  Benett, 
Ichthyodorulites,  BuckL  ^  De  la  B.    Different  kinds.    Litf, 

Lyme  Regis,  and  elsewhere  in  Southen 
and  Midland  England,  Conyb.  SfDelaB*; 
Kimmeridge  Clay,  near  Oxford,  BueE; 
Stonesfield  Slate,  BuckL    In  the  Great 
Oolite,  Normandy,  De  Cau, 
Fish  palates  and  teeth.    Lias,  Lyme  Regis,  and  Somenet' 
shire,  &c.  Conyb, ;  Stonesfield  Slate,  BuckL ;  Greit 
Oolite,  Normandy,  De  Cau. ;  Combrash  and  Foreit 
Marble,  North  of  France,  BobL  ;  Coral.  Oolite,  Ox- 
ford Clay,  Yorks.,  PhiL, ;   Portland  Beds,  Tisbuiy, 
Wilts,  Benett, 

Reptilia. 

1.  Pterodactylus  macronyx,  BuckL    Lias,  Lyme  Regis,  BuckL  I 

Lias,  Banz,  Bavaria,  Meyer, 

2.  longirostris,  Cuv,    Aichstadt,  ColUnL 

3.  brevirostris,  Cuv,     Aichstadt,  Cuv, 

4.  grandis,  Cuv,     Solenhofen,  HolL 

5.  crassirostris,  Goldf,     Solenhofen,  Goldf, 

6.  medius,  Muiist,     Monheim,  Schniizlein, 

7.  .    ,   Munsteri,  GMf,    Monheim,  Goldf. 
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Pterodact3rlut,  species  not  known.     Stonesfield  Slate,  BuchU 
1.  Crocodilus  Bollensis,  Jag,     Lias,  Boll  in  Wurtemberg,  Jag, 
2. priscus,  Soemmering,    Monheim,  Soemmering, 

3.  Gavial,  sbort-^nouted.     Kim.  Clay,  Havre,  Al,  Brong, 

4.  ■  long-snouted.     Kim.  Clay,  Havre,  AL  Brong, 

5.  Crocodile  of  Mans,  Cuv,     Great  Oolite,  Brong, 
remains,  species  not  determined.      Lias,  Yorks., 

Phil,  ;  Lias  ?  Lyme  Regis,  De  la  B, ;  Combrash, 
£n?l.,  Conyh, ;  Stonesfield  Slate,  Buckl, ;  Coral. 
OoBte,  Yorks.,  Phil, 
1.  Teleosanrus,  Geoffroy  St,  HUaire,    Great  Oolite,  Caen,  De 

Cau, 
1.  Megalosaurus  BucklandL    Stonesfield  Slate,  Buckl, 

,  species  not  known.    Great  Oolite,  Normandy, 

De  Cau, 

1.  Geosaums  Bollensis,  Jag,    Lias,  Boll,  Jag. 

2.  Geosaums,  Cuv,    Monheim,  Soemmering, 

1.  Lacerta  Neptunia,  Goldf,    Monheim,  Goldf, 
1.  Rhacheosaurus  gracilis,  Meyer,  Daiting,  Solenhofen,  Meyer* 
1.  Pleurosaurus  Goldfussii,  Meyer,    Daiting,  Meyer. 
1.  Tlesiosaurus  dolichodeirus,  Conyh,     Lias,  Lyme  Regis,  &c. 
Z  recentior,   Conyh,    Kim.  Clay,  Engl.,  Conyh.; 

Kim.  Clay,  Honfleur,  Brong. 

3,  ■  ■  carinatus,  Cuv,    Great  Oolite,  Boulogne,  Brong. 

4,  '   '■      pentagonus,    Cuv,     Great  Oolite,   Ballon  and 

Chaufour,  Brong, 
5, ?  trigonus,  Cuv,    Great  Oolite,  Calvados,  Brong, 

6.  '    .  ■  macrocephalus,  Conyh.    Lias,  Lyme  Regis,  D« 

laB, 

y  species  not  determined.     Oxford  Clay,  Stenay, 

Bohl.;  Oxford  Clay,  Calvados,  De  la  B,;  Lias, 
N.  of  Ireland,  Bryce;  Lias,  Whitby,  Dunn. 

1.  Ichthyosaurus  commimis,  De  la  B, ;  Lias,  Lyme  Regis,  &c. 

Engl.,  Conyh,,  &c. ;  Lias,  Boll,  Wurtemberg, 
Jag, 

2,  .^latyodon.  De  la  B,    Lias,  Lyme  Regis,  &c. 

Engl.,  Conyh,  &c, ;  Lias,  Boll,  Jag. 

3. tenuirostris,  De  la  B,    Lias,  Lyme  Regis,  &c. 

Conyh,,  &c. ;  Lias,  Boll,  Jag, 

1 intermedius,    Conyh,      Lias,  Lyme  Regis,  &c. 

Conyh,,  &c. ;  Lias,  Boll,  Jag, 
,  species  not  determined.  Lias  and  Inferior 
Oolite,  Normandy,  De  Cau.;  Lias,  Yorks., 
Phil:  Oxford  Gav,  England,  C<myh,',  Ox- 
ford Clay,  Normandy,  De  la  B,;  Great  Oolite, 
Reugny,  Brong, ;  Coral  Oolite,  Yorks.,  Phil. ; 
Calc.  Grit,  Midl«  Engl.  Cmyh. ;  Kim,  Clo^s 
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Oxford,  Buckl, ;  Kim.  Clay,  Weymoiidi,  Jk 
la  B, ;  Kim.  Clay,  Honfleur,  Brong, 
.  Saurian  bones  occur  in  the  Kelloway  Rock  and  Bath  OoKto^ 
Yorks.,  PhU.;  in  the  Portland  Stone,  BuckL  If  Ik 
laB, 
'Tortoise.     Stonesfield  ^ate,  BuckL;   Lias?  EngL  Cmjk,; 
Solenhofen,  Murut. 

Mammalia. 
1.  Didelphis  Bucklandi,  Broderip.    Stonesfield  Slate,  BuckL 

It  would  appear  from  the  foregoing  lists,  that  our  knowledge  of 
the  vegetable  remains  is  too  limited  to  enable  us  to  form  anygenedl 
conclusions  respecting  them.  Mammalia  have  been  found  in  a*: 
locality  only,  Stonesfield,  where  probably  there  are  the  remains  of 
more  than  one  species  of  Didelphis.  Pterodactyles  have  be9 
discovered  at  Solenhofen,  where  there  would  appear  to  be  man 
species ;  and  at  Lyme  Regis,  where  there  is  another  species,  fooM 
also  at  Banz,  in  Bavaria.  The  remains  of  this  strange  geMt 
probably  also  occur  at  Stonesfield.  Crocodiles  seem  to  nave  «s* 
isted  during  the  whole  deposit  of  the  oolitic  group,  and  have  bett 
discovered  m  England,  France,  and  Germany.  The  MegalosamV 
18  found  in  Oxfordshire,  in  Normandy,  and  near  Besan9on.  lb 
Teleosaurus  is  discovered  near  Caen,  Normandy.  The  Geosauni 
has  as  yet  been  noticed  only  in  the  lias  of  Wurtemberg,  and  in  tin 
Monheim  beds*.  The  genera  Rhacheosaurus  and  rleurosanm 
have  only  yet  been  observed  in  Germany.  Ichthyosauri  andFl^ 
siosauri  would  appear  to  have  been  somewhat  widely  distributei 
Neither  Pterodactyles,  Crocodiles,  Ichthyosauri,  nor  Plesiosauii 
have  yet  been  observed  in  the  South  of  France.  Respecting  Tflf* 
tx)ises,  Turtles,  and  Fish,  we  do  not  possess  information  which  cib 
lead  to  any  useful  conclusions.  Insects  have  been  detected  in  the 
oolite  of  Stonesfield,  and  at  Solenhofen.  Polypifers  occur  in  cod- 
siderable  abundance  in  particular  places,  and,  as  it  would  appear, 
principally  in  the  beds  that  have  been  named  Coral  Rag,  and  in 
the  upper  part  of  the  great  oolite,  which  has  thus  obtained  in  No^ 
mandy  the  n^me  of  Calcaire  a  Polypiers.  It  has  been  imagined 
that  the  coral  rag  is  a  constant  rock  in  the  oolitic  series ;  whicbit 
supposing  that  during  the  depositions  of  this  group  there  was  s 
time  when  the  whole  bottom  of  an  extensive  sea  was  covered  with 
an  universal  coral  reef,  and  that  the  same  polypifers  could  exiit 
under  different  pressures  of  water ; — suppositions  which  are  at  vi- 
nance  with  the  liabits  of  existing  polypifers.  Although  it  may 
be  considered  that  in  certain  favourable  situations  corals  migkt 
produce  sheets  of  calcareous  matter,  entombing  a  variety  of  sub- 

*  The  reader  will  recollect  that  this  genus  is  stated  to  occur 
Ijie  cretaceous  rocks  of  North  America. 
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amces,  there  is  no  evidence  that  such  are  formed  at  great  depths; 
D  the  contrary,  such  knowledge  as  we  possess  would  appear  to 
e  in  favour  of  small  depths  for  the  hahitats  of  those  genera, 
''hich  are  found  to  produce  walls  and  sheets  of  coral.  The  coral 
1^,  which  seems  to  exhibit  the  remains  of  ancient  sheets  of  poly- 
i&roua  matter,  contains  abundantly  various  species  and  inoi- 
iduals  of  the  genera  Astrea,  Meondrina,  and  Caryophyllia,  which 
ocords  with  the  observations  of  MM.  Quoy  and  Gaimard,  that 
[lese  genera  are  the  principal  architects  of  the  coral  reefs  in  the 
outh  Seas.  The  exact  relative  position  of  numerous  species  of 
tehiUeum,  ScyphiOf  Manon,  Tragos,  and  many  other  polypifers, 
oes  not  appear  to  be  so  well  ascertained  that  we  can  compare  it 
rith  the  suhdivisions  of  the  oolitic  group  in  England  and  France. 
Pile  presence  of  coral  reefs  in  one  part  of  the  series  more  than 
tilers  would  seem  to  point  to  a  difference  in  the  relative  levels  of 
be  bottom  and  the  surface  of  the  sea  throughout  parts  of  England, 
fnnce,  and  Germany,  which  should  render  the  existence  of  coral 
eefs  possible;  while  at  other  times,  circumstances  were  not  fa- 
'toiiraDle  for  their  production.  It  will  be  observed,  that,  when 
Hiiypifers  have  occurred  in  abundance,  the  Echinital  family  have 
HH  oeen  wanting,  particularly  the  genera  Clypeiis  and  Cidaris. 
rhe  crinoidal  remains  are  principally  Apiocrinites  and  Pentacri- 
lites;  the  former  occurring  in  the  great  oolite  or  its  accompanying 
ledB,  the  combrash,  forest  marble,  or  Bradford  clay ;  the  latter 
dbimdantly  and  widely  distributed  in  the  lias. 

Respecting  the  shells,  the  following  summary  will  show  some 
sf  those  that  have  been  discovered  in  the  same  division  of  the  oolite 
ieries*,  in  more  than  one  moderately  distant  locality,  and  the 
places  where  they  have  heen  observed  will  be  found  by  reference 
to  the  foregoing  list. 

Fig.  70. 


Fig.  71.  Fig.  72. 

Kiinmeridge  Clay. — Ostrea  deltoidea  (Fig.  71.),  a  very  character- 
istic shell  in  England ;  GryphiBa  virgula  (Fig. 70.),  a  characteristic 

.  *  The  student  will  have  noticed  that  in  the  preceding  general  list,  the 
>mme  shell  is  stated  to  have  been  discovered  in  places  distant  from  e^e^ 
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skell  of  this  part  of  the  oolitic  series  in  France ;  Pinna  grm 
Trigonia  clavellata  ;  T,  costata ;  Mya  depreaia ;  Pholadom^ 
ticostata  ;  Pteroceras  Ponti, 

Coral  Rag. — Ostrea  gregarea  ;  Pecten  Lens  ;  P.  inaqmeo. 
P,  vimineut;  P,  vagans ;  Lima  rudis;  Plagipatoma  nu 
P,  keviusculum;  P,  rigidum;  Modiola  hipartifa;  GerviU 
culoidea;  Trigonia  coatata;  T,  clavellata;  Turbo  nntr 
Trochua  Tiara;  Melania  Heddingtonenaia ;  M,  atriata;  . 
nitea  pUcatiUa;  A.  vertebralia, 

Oxford  Clay. — Terehratula  omithocephala  ;  Oatrea  pal 
0,  Marahii;  0, gregarea;  Gryphaa  dikUata  (Fig.  72.),  a  ve 
racteristic  shell  in  England  and  France ;  Pecten  fihroaua;  F 
■Gervillia  aviculoidea;  Trigonia  clavellata ;  T,  coatata;  Ann 
armatua;  A.Kosnigi;  A.  Callovienaia ;  A.Duncani;  A.au 
A,  plicatUia  ;  Patella  latiaaima. 

Compound  Great  Oolite,  including  Fuller's  Earth,  Great 
Bradford  Clay,  Forest  Marble,  and  Combrash. — Terebrait 
rotunda  ;  T,  intermedia ;  T,  digona ;  T.  ohaoleta  ;  T,  reti 
T.globafa;  T,coarctata;  T,  media;  Oatrea  Marahii ;  O.e 
0.  acuminata  ;  Pecten  fibroaua  ;  Plagioatoma  cardiiforme 
cula  eckinata;  Av,  coatata;  Limagibboaa;  Modioli  imbi 
Pema  quadrata ;  Trigonia  clavellata ;  T,  coatata  ;  Nucuk 
bilia  ;  laocardia  concentrica  ;  Patella  rugoaa. 

Inferior  Oolite  with  its  Sands. — Terebratula  sphisroidai 
omithocephala  ;  T,  obaoleta  ;  T.  media  ;  T,  concinna  ;  T,  b 
T,  emarginata ;  Grypheea  Cymbium ;  Pecten  Lena;  Avicu 
quivalvia;  Lima  proboacidea  ;  L,gibbosa;  Plagioatoma  giga 
P»punctatum;  Modiola  plicata ;  Trigonia  clavellata;  Ti 
T  coatata;  Cardita  aimilia ;  C.lunulata;  Asfarte  excavaia 
V  acripta  ;  Myoconcha  craaaa;  Melania  Heddingtonenai 
lineata;  Turbo  omatua ;  \Trochua  arenoaua;  T,  faaciat 
promineua;  T,  punctatua ;  T,  elongatua;  T,  abbreviate 
Tiara;  T.angulatua;  T.  duplicatua;  Pleurotomaria  omaU. 
monitea  laviuaculua ;  A,diacua;  A,  contractua ;  A,Blagdi 
Brocchii;  A,acutua;  A.  Stokeaii;  A,  Murchiaonee ;  A,  B 
ridgii;  A.  elegana;  A,  annulatua;  Nautilua  linea(fta;  j^T.  < 
Belemnitea  eompreaaua. 


other,  but  in  various  beds.  Such  shells  are  not  here  enumerati 
it  may  be  questionable  how  far  some  of  those  stated  to  be  fouiM 
mote  situations  in  equivalent  strata  may  really  be  so ;  for  con 
respecting  the  smaller  divisions  of  the  oolite  frequently  ^[ipet 
Afccd. 


Orfmie  JtnMuw  ^Ot  Oelitk  Group. 
Fig.  78.        Fig.  74.        Fig.  75.  Fig.  78. 


Fig.  77. 


Fig.  78. 


Liu. — ^lirifer  WakoUi  (Fig.  78.),  a  very  eharftcteristic  Bh«U ; 

Tmiratula  oriuthocejihala ;  T.aeuta;  T.titraedra;  T.panctata; 

Qrjpkaa  inettma  (Fig.  74.),  ft  very  cbnracterigtic  shell:  G.  ob- 
fMta;  O.gigantea;  O.MacaiUochii;  Plicatida  tpinoia;  Pfclm 

yawfai*;  P.  barbattu;  Plagiottotna giganleitm  (Fig.  75.);  P. 
■inKfii>(iiM ;  P.Hermtmni;  Lima  antiqua;  jtvietUa  inagaivaMt 
lKg.77.);  A.  eygnipti ;  Modiola  Scalprum ;  M.  HiUana;  Vnio 
pwfiuniKf;  Pholadomi/a amhigua ;  TroehtnAni/Uciu;  T.mbri- 
Mat ;  Belrmnitti  mlcMu ;  B.  elongatui ;  B.  amcieurvalat ,-  B, 
mMi^ormU;  Jmmonitti  Walcotii  (Fig.  73.),  cWscterittic ;  A. 
PWrwhu;  A.  HenUu;  A.  commuaU;  A.planicoitatlu;  A.fal- 
■Jfcr;  A.heUrophyUus;  A.brevupina;  A.Jameiom;  A.Turneri; 
'J-t^Uarit;  A.  Bucklartdi  (Fig.  76.),  charactcriatit^ ;  A.  ohlusut; 
^&4«4u  (A.  Amaltheus);  A.tigmtfer;  A.  Congbeari;  A.con- 
~— -  -  Nautilui  liiteatut. 


Althongh  'Una  list  may 
ikDi  itated  to  b«  found  i 


assist  the  student,  BO  far  a: 


Iheaa 


tf  be  cautious  in  referring  any  particular  beds,  wherein  he  mar 
llMect  anv  of  the  aboTe  remains,  to  the  rock  under  the  head  of 
nUeh  sacQ  remains  are  here  noticed ;  hut  rather  look  at  the  general 
Hncter  of  all  the  sliellB  he  may  find  in  such  beds,  and  thence 
Ubr  their  probable  aimilarity,  yet  with  much  leBerrc,  when  the 
l^pt  and  the  rock  considered  equivalent  to  it  are  for  distant  from 
■Mother. 

It  haa  been  above  remarked,  that  iba  surface  on  which  the 
jiaBtic  group  was  deposited,  was  probably  at  ven  various  depths 
meath  thai  of  the  sea ;  and  that  even  during  the  deposit  iUeli^ 
As  iea  Tiried  in  depth  over  the  same  point,  in  consequence  of 
Mtraroenta  in  the  land.  The  nature  of  the  oivanic  remains  also 
marendy  poinia  to  the  proiiraity  of  dry  land  in  some  places, 
nile  it  may  have  been  comparatively  remote  in  others.  It  does 
■at  seem  unphilosophlcal  to  infer  that  the  bays,  creeks,  estuaries, 
inn,  and  dry  land,  were  tenanted  by  animals,  each  fitted  to  the 
■'Trti'TH  where  it  could  feed,  breed,  and  defend  itself  from  the 
Ittuks  of  its  enemies.     That  strange  reptile  the  Ichtbyoiaurus  ■ 


•It  Is 


wood-cut  (fig.  T>.),(o  (»D,ie^  v^ 
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(one  species  of  which,  I.  plaJyodon,  was  of  a  large  nze,  Ac  Jl 
being  etrong,  and  occ^ionally  eight  feet  in  length,)  may,  fim 
'         '   '  '  '  ugh  On 


with  the  long  neck  (P.  dolichodeiriu,  fig. 


idea  of  tlie  probable  fDrm  ol  /. 
r„tru,  b.  Tbe  former  i>  rep 
never  reposed,  for  Ihe  purpose 

U  Sguni  ta  swimming  high  ai 
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■ited  to  have  fished  in  shallow  creeks  and  bays,  defended  from 
kny  hreakers.     The  Crocodiles  were  probaoly,  as  their  con- 

Crs  of  the  present  day  are,  lovers  of  rivers  and  estuaries,  and 
them  destractive  and  voracious.    Of  the  various  reptiles  of 
Ik  period,  the  Ichthyosaurus,  particularly  iheLplatyodorif  seems 
hbave  been  best  suited  to  rule  in  the  waters,  its  powerful  and 
Hpsdous  jaws  being  an  overmatch  for  those  of  the  Crocodiles  and 
Resiosauri.  Thanks  to  Professor  Buckland,  we  are  now  acquainted 
tkh  some  of  the  food  upon  which  these  creatures  lived :  their  fos- 
d  faeces,  named  Caprolites,  having  afforded  evidence,  not  only  that 
ftev  devoured  fbh,  but  each  other ;  the  smaller  becoming  the  prey 
tf  toe  laiger,  as  is  abundantly  testified  by  the  undigested  remains 
'if  vertebrae  and  other  bones  contained  in  the  coprolites*.     Amid 
4Kh  voracity,  it  seems  wonderful  that  so  many  escaped  to  be 
hbedded  in  rocks,  and  after  the  lapse  of  ages  on  ages  to  tell  the 
ble  of  their  existence  as  former  inhabitants  of  our  planet    And 
ttnmge  inhabitants  they  undoubtedly  were :  for,  as  Cuvier  says, 
fte  Idithyosaurus  has  the  snout  of  a  dolphin,  the  teeth  of  a  cro- 
Bodile,  the  head  and  sternum  of  a  lizard,  the  extremities  of  cetacea 
flieine,  however,  four  in  number),  and  the  vertebrse  of  fish;  while 
ne  Plesiosaurus  has,  with  the  same  cetaceous  extremities,  the  head 
of  a  lizard,  and  a  neck  resembling  the  body  of  a  serpent  f. 

It  is  almost  needless  to  remark  that  these  two  genera  have  dis- 
ippeared  from  the  surface  of  our  planet ;  and,  as  the  student 
nay  have  collected  from  the  various  lists  of  organic  remains, 
even  previous  to  the  deposit  of  the  supracretaceous  rocks,  at  least 
•I  fiur  as  regards  Europe. 

The  vegetable  remains  have  been  accumulated  in  particular 
flaoes,  such,  for  instance,  as  Brora  and  Yorkshire.  Circum- 
rtances,  therefore,  must  have  existed  at  such  situations,  during  a 
particular  part  of  the  deposit,  not  common  to  a  considerable  sur- 
iice,  such  perhaps  as  sheltered  bays,  into  which  the  vegetables 
vere  drifVea  with  mud  and  sand.  The  absence  of  remains,  such 
M  may  be  supposed,  from  analogy,  to  have  been  those  of  estuary 
inimals^  would  seem  to  exclude  rivers  from  having  been  the  im- 
BMdiate  cause  of  these  carbonaceous  accumulations.  These  de- 
posits do  not  seem  the  result  of  violence ;  for  the  vegetables  are 
vdl  preserved,  as  if,  like  the  hortus  siccus  of  the  botanist,  for  the 
purpose  of  examination.    By  their  aid  we  learn  that  the  vegeta- 

^  its  general  form.  It  more  probably  swam  beneath  the  surface,  in  the 
*uuier  of  crocodiles,  which  would  enable  it  the  better  tp  support  its 
Pett  length  of  neck. 

*  For  an  interesting  account  of  Coprolites  and  their  contents,  see 
HckUund's  Memoir,  Geol.  Trans.  2nd  series,  vol.  iii. 

t  Cuvier,  Oss.  Fossiles,  t  v.     This  notice  of  the  Plesiosaurus  applies 
^oce  particularly  to  P,  doUchodeirus, 

S 
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tion  whicli  then  clothed  some  parts  of  this  portion 
no  longer  resembles  that  which  we  now  see,  but  oni 
ent.  FerliapB  we  may,  in  anticipatioit,  look  far 
wbeD  the  geologist  may  speculate  on  the  proxiu) 
lands  near  places  where  the  abundant  remains  of  i 
oertain  animals  would  seem  to  point  to  such  con 
though,  from  the  various  movements  in  the  land,  n 
ancient  continents  or  islands  may  now  appear  ol 
We  of  the  piesent  da;,  however  desirous  we  may  1 
this  subject,  seem  to  possess  too  few  data  to  proceed 
One  thmg,  however,  the  student  should  bear  in  t 
not  consider  that  all  older  rocks  in  the  vicinity  of  < 
recent  origin,  though  now  rising  in  mountains  hig 
necesBarily  formed  the  dry  land  previously  to  the 
newer  rocks:  for  amid  the  various  surface-changes  1 
effected,  such  older  rocks  have  frequently  heen  uph 
formation  of  the  more  recent,  as  is  shown  by  the  nr 
catioa  near  the  junction  of  the  two,  the  one  being 
the  other.  We  may,  perhaps,  more  closely  appro 
when  we  find,  as  in  Normandy,  the  oolitic  group 
on,  and  surrounding,  disturbed  older  strata ;  so  tba 
try  (and  the  same  observation  applies  to  other  sitw 
conceive  the  sea  in  which  the  oolitic  rocks  were  fa 
bathed  the  slaty  and  granitic  districts  of  Normandy  . 
Those  strange  flying  creatures,  the  Pterodactyl 


Fig.  81. 
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flM.  ^m  ^  land,  probably  subsisting  on  insects,  such,  among 
y*i  tt  that  figured  above,  which  was  obtained  by  Mr.  Mur- 
•■JJ^  ftpom  the  quarries  at  Solenhofen,  where  the  remains  of 
^^J^^ctyles  are  also  discovered. 

^[^^■tthe  Pterodactyles  should  be  scarce  fossils,  is  what  we 
"^w  expect,  for  the  circumstances  favourable  to  their  preserva- 
BUiBt  have  been  extremely  rare.  Even  supposing  that  they 
'  out  to  sea  in  pursuit  of  their  insect  prey,  there  must  have 
'  A  combination  of  fortunate  accidents  to  have  prevented  the 
^les  and  their  intended  prey  from  being  devoured  by  the 
iDd  other  inhabitants  of  the  sea,  among  the  exuviae  of  which 
Er  remains  are  now  detected. 
^tju  curious,  and  seems  to  establish  a  connection  between  the  in- 
^li  and  the  Pterodactyles,  that  in  the  spot  where  the  remains  of 
|b  latter  are  most  abundant  (Solenhofen),  the  greatest  quantity 
'UmbiI  insects  yet  noticed  in  the  oolitic  group,  has  been  detected, 
t  Stonesfield  also,  where  the  remains  of  insects  are  stated  to  have 
ta  discovered,  the  exuviae  of  Pterodactyles,  according  to  Prof. 
Ktddand,  are  also  observed.  Not  so,  however,  with  the  Pterodac- 
le  of  L3rme  Regis,  whose  remains  are  mixed  with  those  of  Ich* 
youniri  and  other  marine  animals,  and  where  insects  have  not 
It  been  detected.    But  when  we  consider  the  abundant  exuviae 

*  Flesiosauri,  perhaps  we  may  not  err  greatly,  in  considering  dry 
hA.  not  very  far  distant  from  the  spot  where  we  now  find  their 
Qies  entombed.  Be  the  case  as  it  may,  a  Pterodactyle  in  a  sea, 
tiid  Ichthyosauri  and  other  voracious  creatures,  must  have  had 
tt  a  slight  chance  of  escape ;  and  geologists  should  be  grateful 
at  any  combination  of  circumstances  should  have  so  far  pre- 
dUed,  as  to  permit  the  preservation  of  even  a  single  individual, 

show  us  the  strange  terrestrial  creatures  that  then  existed. 

In  the  lias  of  Lyme  Regis,  the  Ichthyosauri ,  Plesiosauri,  and 
any  other  animals,  seem  to  have  suffered  a  somewhat  sudden 
iam ;  for  in  general  the  bones  are  not  scattered  about,  and  in  a 
itached  state,  as  would  happen  if  the  dead  animal  had  descended 

*  the  bottom  of  the  sea,  to  be  decomposed,  or  devoured  piece- 
meal, as  indeed  might  also  happen  if  the  creature  floated  for  a 
ine  on  the  surface,  one  animal  devouring  one  part,  and  another 
Irrving  off  a  different  portion ;— on  the  contrary,  the  bones 
r  tLe  skeleton,  though  frequently  compressed,  as  must  arise 
om  the  enormous  weight  to  which  they  nave  so  long  been  sub* 
vted,  are  tolerably  connected,  frequently  in  perfect,  or  nearly 
drfect  order,  as  if  prepared  by  the  anatomist.  The  skin,  more- 
ner,  may  sometimes  be  traced,  and  the  compressed  contents 
r  the  intestines  may  at  times  be  also  observed, — aU  tending  to 
low  that  the  animals  were  suddenly  destroyed,  and  as  suddenly 
reserved.  Not  only  has  this  apparently  happened  to  these  reptiles 
hich,  breathing  air,  might  under  favourable  circumstances  \i^ 
rowned  mmuitaneoiufly  in  great  numbers,  but  c^ao  \a  ^^  tsw^t 

S  2 
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huose^  to  "wliicli  constant,  or  nearly  constant,  immenkii 
k  absolutely  necessary.  Among  the  multitude  of  ammd 
covered  in  the  lias,  I  have  often  observed  individuals,  di\ 
large  terminating  chamber  of  the  last  whorl,  where  the  be 
animal  seems  to  have  been  placed,  was  hollow  for  half  iti 
upwards  towards  the  aperture  or  mouth,  as  if  the  anin 
overwhelmed,  had  retreated  as  far  as  possible  into  tlus } 
shelly  so  that  the  muddy  matter  was  prevented  from  o 
fiUing  it.  This  idea  is  rendered  more  probable  from  the 
of  the  calcareous  matter  filling  the  remaining  part  (^ 
cavity,  which  is  exceedingly  bituminous,  as  would  happei 
decomposition  of  the  animal  within  the  remainder  of  the 
The  student  should  not,  from  what  has  been  above  ren 
specting  the  lias  at  a  particular  point,  Lyme  Regis,  coi 
such  observations  are  applicable  to  the  same  rock  gen 
even  that  the  lias  of  Lyme  Regis  has  suddenly  been 
in  its  whole  thickness  at  once:  on  the  contrary,  the^ 
materially  at  different  points,  as  we  should  expect  it  Xk 
different  local  causes ;  and  the  lias  of  Lyme  Regis  bear 
of  successive  deposition,  in  part  during  a  state  of  cc 
tranquillity,  and  partly  in  consequence  of  a  series  of  s 
strophes,  suddenly  destroying  the  animals  then  existin| 
Cular  spots.  One  observation  is,  however,  necessary, 
be  oflen  applicable  to  other  parts  of  the  oolitic  rocks 
situations, — that  during  the  formation  of  the  lias  in  tl 
England,  there  has  been  a  certain  change  in  the  animal 
same  place.  Thus  the  animals  and  shells  in  the  upper  ] 
rock  differ  in  the  mass  from  those  in  the  lower  porti< 
frequently  also,  particular  strata  afford  certain  organi 
while  all  others  are  exceedingly  rare. 

Notwithstanding  the  temptation  to  treat  of  the  probal 
stances  that  have  accompanied  the  deposit  of  a  parti< 
even  within  the  distance  of  a  few  miles,  we  must  abs 
would  lead  us  into  detail  not  compatible  with  this  little 
may,  however,  be  remarked,  that  the  destruction  of  tl 
whose  remains  are  known  to  us  by  the  name  of  Belemnit 
ceedingly  great  at  this  place.  When  the  upper  part  of  t 
deposited,  multitudes  seem  to  have  perished  simultaneo 
attested  by  a  bed  composed  of  little  else,  beneath  Golc 
diff  between  Lyme  Regis  and  Bridport  Harbour.  Nc 
millions  entombed  in  this  bed,  but  in  the  upper  part 
generally.  The  production  of  such  a  bed  would  seem  b) 
difficult ;  for  we  have  only  to  consider  the  occurrence  ol 
cumstance  destructive  to  molluscous  creatures  in  the  flui 
ing,  or  otherwise  carrying,  the  belemnites, — such  as  m]| 
to  those  swarms  of  moUuscae  which  sometimes  surroonc 
gBtoT  in  warm  latitudes, — ^and  the  floating  animal  miem, 
mediately,  would  eventusSVy  de&eeiA  \a  ^^  \A\XnisL\  « 
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escaped  the  predaceous  animalB,  which  indeed  might 

away  by  the  circumstance,  whatever  it  was,  that  de- 
e  molluscous  animals.  Suppose  a  multitude  of  the  com- 
&-fish  to  be  suddenly  killed  oy  the  irruption  of,  or  their 
into,  water  charged  with  carbonic  acia ;  their  internal 
they  are  commonly  termed,  would  be  distributed  over  a 
nirface  after  the  decomposition  of  the  animals,  which 
likely  to  fall  a  prey  to  other  creatures ;  for  those  which 
destroyed  with  the  cuttle-fish,  would  avoid  the  water  so 
ith  carbonic  acid. 

^tables  of  the  lias  of  this  place  occur  in  two  different 
e  one  showing  that  they  have  been  scarcely  injured  be- 
vrere  imbedded ;  the  other  seeming  to  point  to  the  frac- 
>od  into  junks,  the  small  branches  truncated,  as  if  they 
broken  either  during,  or  previous  to,  their  drift.  These 
9t  frequently  occur  in  argillo-calcareous  nodules,  often 
ize:  but  the  nodules  are  not  concentric  concretions  ; 
itrary,  both  diese  nodules,  and  those  that  frequently  en- 
3  Ammonites  and  Nautili  in  the  argillaceous  beds,  are 

line  of  the  laminae  being  parallel  to  that  of  the  general 
on ;  so  that  though  the  nodules,  particularly  those  con- 
mmonites  and  Nautili,  are  spheroidal,  their  fracture  is 
and  a  successful  blow  in  the  Ime  of  the  laminae,  through 
!,  discloses  a  fossil,  not  unfrequendy  a  fish, 
g  a  very  interesting  inquiry  to  ascertain  the  chemical 

of  ors^ic  remains  entombed  in  various  rocks.  Dr. 
as  kind  enough  to  analyse  certain  fossils  from  the  lias  of 
gis.  He  found  that  a  vertebra,  a  rib,  and  a  tooth  of  an 
,uru8  examined  by  him,  had  all  a  highly  crystalline  tex- 
kg  to  the  deposit  of  carbonate  of  lime,  of  which  they  chiefly 
The  colour  is  nearly,  and  in  parts  quite  black,  in  conse- 
'  bituminous  matter,  which  in  general  amounts  to  not 
1 1,  and  he  has  not  found  it  exceed  }  per  cent  The 
i  of  lime  in  the  vertebra  amounted  to  about  29  per  cent, 
the  rib  and  tooth  it  was  about  50  per  cent.  In  fact,  as 
.ve  been  expected,  the  phosphate  of  lime  remains  in 
*  less  quantity  in  different  specimens,  probably  depending 
nation  where  it  was  preserved,  and  on  the  compactness 
ginal  bone. 

mer  also  ascertained  that  the  scales  oi  Dapedium  politum, 
\  much  as  possible  from  adhering  limestone,  consisted  of 
ingredients  as  the  ichthyosaurian  bones ;  but  the  phos- 
lime  amounted  only  to  19  per  cent, 
irse  care  was  taken  to  select  such  specimens  as  were  not 
ted  with  sulphuret  of  iron,  as  sometimes  happens ;  and 
mined  were  found  to  be  remarkably  free  from  iron,  man-^ 
lumina,  and  silex. 
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RED  SANDSTONE  GROUP. 

Syn. — Red  or  Variegated  Marls  (Mantes  Irisie$,  Fr. ;  Keuper^  GclV 
Muschelkalk  (Calcaire  Conchylien,  Al.  Brong.).  Red  or  Varic^lM 
Sandstone  (New  Red  Sandstone^  Eng.  Auth.;  Grh  Bigarre,  Fr. ;  Mm* 
ter  Sandstein,  Ger.).  Zechstein  (Magnesian  Limettontt  Eng.  ArikJ 
Calcaire  alpin,  Fr. ;  Alpenkalkgteifif  Ger.).  Red  Conglomerate  (IKli 
Red  Conglomerate,  Exeter  Red  Conglomerate,  Eng.  Auth. ;  TtlUk 
gendes,  Rothe  Todte  Liegende,  Ger. ;  Grh  Rouge,  Fr. ; 
dtre,  Al.  Brong.). 


This  group,  whicli  is  often  one  of  very  considerable 
succeeds,  in  the  descending  order,  that  previously  noticed,  hjj 
haps  very  fine  lines  of  distinction  should  not  be  drawn  beti 
the  two ;  for  when  the  lower  part  of  the  one  and  the  upper 
of  the  other  have  been  considerably  developed,  they  seem  in  i 
measure  to  pass  into  each  other.  This  led  M.  Charbaut,  who  J 
observed  the  circumstance  in  the  vicinity  of  Lons  le  Sanhiiei^  ll 
class  the  Has  with  the  variegated  marls,  which  constitute  the  oav 
portion  of  the  group  under  consideration.  The  rocks  compcflf 
the  red  sandstone  group  occur  in  the  following  descending  orders 
I.  Variegated  Marls;  2.  Muschelkalk;  3.  Red  or  Variegated  Stf^' 
stones;  4.  Zechstein;  and  5.  Red  Conglomerate,  or  Todtliegeiiiii 
Variegated  Marls, — In  the  district  of  the  Vosges  and  in  At 
neighbouring  countries,  these  commence  beneath  the  ffanditwi* 
named  lias  sandstone,  into  which  they  gradually  pass ;  the  xM 
part  of  the  variegated  marls,  which  are  green,  presenting  thin  M 
of  black  schistose  clay,  and  of  quartzose  sandstone,  nearly  witbfll 
cement,  which  latter  gradually  becomes  the  lias  standstime^ 
;:ock  which  passes  into  the  lias,  and  contains  the  same  organic  lii" 
mains  *.  M.  Elie  de  Beaumont  observes,  that  in  many  countioN 
the  variegated  marls  can  scarcely  be  separated  from  the  lias  wait 
stone,  even  artificially,  as  is  done  in  the  Vosges;  for  they  appci 
to  become  one  deposit,  as  in  the  environs  of  St.  Leger-sur-Dhennii 
and  Autun,  and  in  the  arJcose  of  Burgundy,  llie  variegated  ntnii 
of  the  Vosges  generally  are,  as  their  name  implies,  marked  h 
different  colours,  among  which  the  principal  are  wine-red  ani 
greenish  or  blueish  gray;  they  break  into  fragments,  which  hafi 
no  trace  of  a  schistose  structure.  In  the  central  portion  of  dme 
marls  there  are  beds  of  black  schistose  clay,  blueish  gray  sandstone^ 

*  Elie  de  Beaumont,  M^m.  pour  servir  k  une  D4sc.  GteL  de  b 
France,  t  i. 
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£n3dsli  or  yeUowiBh  magnesian  limestone.  The  sandstone 
day  contain  vegetable  impressions,  and  even  coal.  Masses 
»ck-Balt  occur  in  the  lower  part  of  the  maris  at  Vic,  Dieuze, 
3ther  parts  of  that  district ;  and  masses  of  gypsum  are  found 
e  upper  and  lower  portions,  but  principaUy  in  the  latter*, 
nrdine  to  M.  Charbaut,  limestone  beds,  almost  entirely  com- 
i  of  snells,  are  found  in  the  upper  part  of  this  deposit 
le  variegated  marls,  not  differmg  considerably  in  their  mine- 
:ical  characters,  occur  in  various  parts  of  the  neighbouring 
lets  of  France  and  Germany,  and  according  to  M.  Dufr^noy 
crown  the  red  sandstone  rocks  of  the  South  of  France.  How 
le  variegated  marls  may  be  traced  in  England  remains  ques* 
ble ;  but  it  would  appear  far  from  improbable,  that  the  upper 
of  die  red  standstone  deposit  of  this  country  would  answer 
dently  well  in  its  mineraloeical  structure  to  the  rocks  above 
«d  in  the  Vosges.  There  is  with  us  no  apparent  passage  of 
ias  into  the  red  sandstone  series ;  on  the  contrary,  we  some- 
s  have,  as  at  the  Old  Passage  near  Bristol,  a  kind  of  conglo- 
ite  of  pieces  of  limestone,  bones,  teeth,  and  other  remains  of 
jann  and  fish,  with  their  fossil  feeces  or  coprolites,  which  would 
i  to  mark  a  period  when  comminuted  deposits  ceased,  and 
mts  of  water  sufficient  to  transport  pebbles  were  in  action, 
mulating  bones  and  other  substances,  as  at  the  bottom  of 
»  seas.  Where  seen  on  the  southern  coast  of  England,  be- 
n  Lyme  Regis  and  Sidmouth,  the  upper  part  of  the  red  sand- 
9  series  is  so  like  the  variegated  marls  of  the  Vosges  and 
I  of  Germany,  that  I  have  little  hesitation  in  considering  them 
emporaneous  deposits.  In  this  part  of  England  these  marls 
ain  vegetable  remains,  and,  though  rarely,  scales  of  fish,  and 
ts  of  pterodactyle8(?).  According  to  M.  Rozet,  the  upper  part 
le  variegated  marls  contains  the  teeth  and  bones  of  saurians, 

Pectines  and  Entrochi  f . 
rgamc  Bemcuns, — ^No  great  variety  has  yet  been  observed ; 

however  seem  to  be,  besides  those  enumerated  above, — 
stables:  Equisetum  Meriani,  Ad.  Brong.,  Neuewelt,  near 
t;  E,  columnare,  Ad.  Brong.,  Lorraine,  Alsace,  Wurtemberg, 
let);  Pecopterus Merianif  Ad.  Brong.,  Neuewelt;  TieniopterU 
iOf  Ad.  Brong.,  Neuewelt  (also  Hor,  Scania) ;  PteropkyUwn 
ifolium,  Ad.  Brong.,  Neuewelt;  Pt,  Merianij  Ad.  Brong., 
ewelt;  (according  to  M.  Rozet,  these  marls  also  contain 
ivMtee  arenaceus?  FiUces  Stuttgardiensis,  F.  lanceolatuSf  and 
'ophyUum  Jdgert).  Reptiles:  Phytosaurus  cylindricodon, 
iTf  Boll,  Wurtemberg  (Jager);  P,  cubicodon,  Jager,  Boll 
^er);   Ichthyosaurus  and  Plesiosaurus,  species   not  stated, 

*  Elie  de  Beaumont,  Memoir  above  cited. 
f  Rozet,  Cours  El^mentaire  de  G&og;ivo%\e. 
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Diirrheim  (Hceninghaus).  The  other  remains  ore: 
Keuperina^  Voltz,  Hall,  Wurtemberg  (Hoeninghaus)  *.  Ofikmu, 
species  not  determined,  Vosges  (Rozet);  Saxicava  BlaMBSii 
nallbron  (Hceninghaus). 

As  the  lower  lias  sandstone  passes  into  the  variegated  maA^ 
and  even  seems  in  some  measure  equivalent  to  them,  a  deponijt 
sands  having  possibly  taken  place  in  one  situation,  while  wak 
were  produced  in  another,  we  should  not,  when  considering  Al 
general  subject,  force  our  conclusions  too  far,  nor  cany  those  dM' 
aions  whicn  may  be  locally  useful  beyond  the  countries  "wbm 
they  may  be  advantageously  employed.  Prof.  Pusch,  in  hii  w| 
interesting  account  of  the  Polish  rocks,  has  shown  that  betvMi 
the  oolitic  series  of  Poland  and  the  muschelkalk  there  is  an  O- 
tensive  and  important  deposit  of  sandstone,  usually  termed  iMt 
sandstxmej  from  its  colour.  The  deposit  is  divisible  into  two  pfl^ 
tions ;  the  upper  being  formed  of  the  white  sandstone,  whfle  thi 
lower  part  is  composed  of  alternations  of  fine  white  marly  sui' 
stone,  schistose  sandstone,  shale,  and  other  schistose  and  dari^ 
coloured  rocks,  the  whole  inclosing  beds  of  coal  from  three  to 
twenty-five  inches  thick.  The  white  sandstone  of  the  upper  pot 
alternates  with  thick  beds  of  gray  blue  marls,  partly  red,  and  man 
rarely  variegated.  Beds  of  limestone  are  also  found  in  it;  buttltf 
most  valuable  product  is  iron  ore,  which  furnishes  the  lai;gat 
amount  of  iron  of  any  rock  in  Poland,  twenty-seven  fumacei 
affording  annually  560,000  quintals  of  metal.  Fossils  are  rare  in 
this  deposit,  with  the  exception,  of  vegetable  remains.  M.  Piudi 
refers  this  rock  to  the  lias  sandstone,  the  same  as  it  occurs  in 
Suabia,  in  Scania,  and  in  the  Isle  of  Bomholm,  in  all  which 
places  it  is  rich  both  in  iron  and  coalf.  It  seems  to  unite  bodi 
the  characters  of  the  variegated  marls  and  lias  sandstones  of  the 
South  of  Europe,  the  two  being  intimately  blended. 

The  following  are  the  fossils  mentioned  as  occurring  in  the  sandi 
known  as  lias  sandstone:  Belemnites  Aaleruts,  Voltz,  AaleB) 
Wurtemberg;  TV^tna  «^ria^a,  Vic  (Hceninghaus) ;  ClathropUrt^ 
meniscoides,  Ad.  Brong.,  Hbr,  Scania;  and  St.  Etienne;  Vosgd^ 
Al.  Brong. ;  Glossopteria  NiUsonianaf  Ad.  Brong.,  Hor,  Scanil) 
Ad.  Brong. ;  Pecopteris  Agardhiana,  Ad.  Brong.,  H6r ;  TtnM' 
pteris  vUtata,  Hor;  and  also  in  the  variegated  marls,  Neuewelli 
near  BMe ;  Marantoidea  arenaria,  Jager,  Stuttgard ;  Lycopod^ 
patens,  Ad.  Brong.,  Hor ;  Culmites  Nilssonii,  Ad.  Brong.,  Hor; 
Pierophyllum  Jageri,  Ad.  Brong.,  Stuttgard;  Ft,  dubimn.  Ad. 
Brong.,  Hor;  NiUsonia  brevis,  Ad.  Brong.,  Hor;  and sevenl na* 
determined  shells. 

*  This  fossil  is  noticed  as  being  found  in  slate  between  the  mnscbd* 
kalk  and  variegated  marls. 

f  Pusch,  Esquisse  G^ognostique  du  Milieu  de  la  Pologne ;  Jonnal 
de  Geologic,  t.  ii. 


Oirgame  Bemami  of  ike  Muichelkalk.  393. 

MmMcAelkaH, — A  limestone  varying  in  texture,  but  being  most 
frequently  gray  and  compact.  It  is  occasionally  dolomitic,  and 
pssses  into  marls  above  and  beneath.  When  very  compact,  with 
mnneroas  remains  of  the  Encrinites  moniliformis,  Miller  (a  very 
diftracteristic  fossil  of  at  least  a  considerable  portion  of  the  de- 
pout),  it  has  much  the  appearance  of  some  varieties  of  the  car- 
mmi^ons  limestone  of  England.  It  is  sometimes,  as  at  Epinal 
{Tooges),  sufficiently  hard  to  be  employed  as  marble.  In  some 
ntnations  organic  remains  would  appear  to  be  very  abundant, 
while  in  others  they  are  somewhat  rare.  According  to  M.  Alberti, 
mtlt  is  contained  in  the  muschelkalk  of  Wurtemberg*.  This  rock 
voald  appear  to  be  unknown  in  England  and  in  the  North  of 
France ;  but  on  the  east  and  south  of  the  latter  country,  and  in 
-jNKrtB  of  Germany,  it  is  found  interposed,  iu  its  place,  between  the 
variegated  marls  and  red  or  variegated  sandstone.  According  to 
PraH  Pusch  it  occurs  in[Poland,  and  is  described  as  being  gray  and 
jdlow. 

Orgofttc  Remains  of  the  Muschelkalk. 

Pisces. 
Fish  teeth,  Bayreuth,  Munst,  '■ 

Rbptilia. 

Flesiosaurus        .    Wurtemberg,  Jdger, 

Ichthyosaurus        .    Place  not  stated,  HoBninghatts, 

Great  Saurian,  genus  not  determined.   Lun^ville,  Al.  Brong. 

Crustacea. 

1.  PalinuruB  Sueurii,  Desm,    Diirrheim,  Hoeninghaus, 

MOLLUSCA  AND  CoNCHIFERA. 

!•  Nautilus  bidorsatus,  Schlot  Weimar,  Hoen,;  Heinberg;  Wur- 
temberg, Al.  Brong. 

2.  — — -  nodosus,  Munst.     Germany,  Munst. 

1*  Anunoaites  nodosus,   Brug.    Weimar,  ffoen, ;   Gottingen ; 
Wurtemberg;  Toulon, -^^/..Brcwgr.  /  Lorraine,  .Seat^m. 

2.  ■    bipartitus,  Gaillardot.     Lun6ville,  Al.  Brong. 

3,  ■  ■  Henslowi?f  Sow.    Baireuth,  Hoeninghaus. 

*  Alberti,  Die  Gebirge  des  Konigreicbs  Wurtemberg,  1829. 

f  If  this  shell  be  really  discovered  in  the  muschelkalk  of  Germany, 
U  is  worthy  of  notice  that  the  Ammonites  nodosus  is  reported  to  be  found 
in  ihe  Isle  of  Man,  whence  the  Ammonites  Henslovn  was  first  obtained. 
The  general  character  of  the  sutures  in  both  shells  is  similar,  being  that 
represented  in  fig.  87.  It  must  however  be  confessed  that  the  supposed 
association  of  these  two  shells  of  the  Isle  of  Man,  which  might  lead  ut 
at  first  to  consider  the  occurrence  of  muschelkalk  in  that  island  as  pro- 
bable, is  by  no  means  so  clear  as  could  be  wished.    Aim:aw)i\&&  htv^  ^ 

S5 


394  Organic  Remains  of  the  Musehelkalk* 

4.  Ammonites  latus,  Munst,    Germany,  Munst. 

5.  subnodosus,  Munst,     Germany,  Munst, 

1.  Buccinum  obsoletum,  Schlot,    Gottingen,  Hoen, 

1.  Turritella  terebralis,  Schlot.    Weimar,  Hosninghaus. 

1.  Dentalites  torquatus,  Schlot,     Gottingen,  AL  Brong, 

2,  laevis,  Schlot,     Gottingen,  Al,  Brong. 

1.  Terebratnla  perovalis,        .     Jena,  Hceninghaus, 

2.  '  sufflata,        .     Jena,  Hceninghaus. 

3. vulgaris,  5*0^0^  Gottingen,  ^a?«./Wurtemberg; 

Lun^viUe ;   Toulon,  AL  Brong. 
4,  orbiculata,  Schlot,    Domberg,  Hcen. 

1.  Trigonia  vulgaris,  iS'cA/erf.    Weimar;  Erlingen,  Hcen,;  G8t- 

tingen,  Al.  Brong. 

2.  '  Pes-anseris,  Schlot,  Lun^ville;  Mosbach,  Hcen.;  Got- 

tingen, Al.  Brong. 
1.  Mytilus  eduliformiSf  Schlot.    Diirrheim,  Hcen,;  Gottingen, 

Lun6ville,  Al.  Brong. 
1.  Avicula  socialis*,    Desh.     Gotha;    Sacbsenbur^,   ScMot.; 

WeimaXy Ham.;  Gottingen;  MontMeisner;Wiv- 

temberg ;  Lun^viUe,  Al.  Brong. 

1.  Myacites  musculoides,  Schlot.    Weimar,  Hceninghaus, 

2.  intermedins,        .     Mezieres,  Hcen, 

3.  elongatus,  Schlot.    Wurtemberg,  Al.  Brong. 

4.  ventricosus,  Schlot.     Lun^ville,  Al.  Brong, 

1.  Pecten  reticulatus,  Schlot,     Gottingen,  Hceninghaus, 

1.  Ostrea  spondyloides,        .     Quedlinburg,  ^om. ;  GdttiogeD; 
Lun6ville;  Toulon,  Al.  Brong. 
?1.  Cardium  striatum,       .  Wurtemberg,  Gottingen,  ^/.  S^oii^. 

1.  Plagiostoma  lineatum,       .     Mosbacb;  Micbelstadt;  Hoigen, 

Hcen.;  Gottingen,  Al.  Brong. 

2,  ; rigidum,        .  Rauhtbal,  near  Jena,  Hcen,;  Got- 

tingen, Al.  Brong. 

?.  Isevigatum,        .     Mosbacb,  Hceninghaus, 

4.  punctatumf,       .    Gottingen;  Toulon;  Golliii 

Al.  Brong. 

Annulata. 

1.  Serpula  valvata.  Gold/,    Baireutb,  Goldf. 

2,  colubrina,  Goldf,    Baireutb,  Goldf, 

certain  general  resemblance  may  have  been  mistaken  for  each  other. 
The  organic  remains,  which,  according  to  Prof.  Henslow,  are  assodttei 
with  A.  Henslowi  in  the  Isle  of  Man,  are  such  as  are  commonly  fimnd 
in  the  carboniferous  and  grauwacke  limestones  {Trihlrites,  FrodncU 
Scotica,  &c.). 

*  Mytilus  soeiaUs  of  Schlotheim. 

f  TMs  is  the  Ckamites  punctatum  oi^^c^«aiu 
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Radiaria. 

1.  Encrinites  moniliformisy  Miller.    Gottingen;  Wurtemberg; 

Alsace,  &c.,  var.  Authors. 

2.  _-.  epithonius,        .     Soleure,  Hoeninghaus. 
1.  Ophiura  prisca,  Munst.     Baireuth,  Gold/. 

2. loricata,  Go^f.    Schwenningen,  Wurtemberg,  Goldf. 

].  Asterias  obtiua,  Goldf,    Wurtemberg,  Alherti. 

Zoophyte. 
1.  Astrea  pediculata.  Desk.    Locality  not  stated.        ^ 

Vegetable. 
1.  Neuropteris  Gailliardoti,  Ad.  Brong.  Lun^ville,  AL  Brong. 

To  this  list  should  be  added  those  bodies  named  BhyncoliteSf 
fhich  are  apparently  the  beaks  of  the  Sepia  family. 

Red  or  Variegated  Sandstone. — This  rock  is,  as  its  name  im- 
)lie8,  of  different  tints, — these  being  red,  white,  blue,  and  green ; 
ihe  former,  however,  greatly  predominating.  It  is  principally 
dliceous  and  argillaceous,  occasionally  contaming  mica,  masses  of 
^sum,  and  rock-salt.  In  the  Vosges,  the  upper  part  of  the 
rariegated  sandstone  often  presents,  according^  to  M.  Elie  de 
Beaumont,  thin  beds  of  marly  limestone  and  dokmite,  which  gra- 
bially  become  more  abundant;  so  that,  finally,  they  constitute  the 
ower  part  of  the  muschelkalk  *.  An  oolitic  and  calcareo-magne- 
ian  rockf  is  found  in  this  deposit  in  some  parts  of  Germany,  and 
onglomerates  are  also  included  in  it. 

A  very  extensive  deposit,  varying  but  little  in  its  character, 
ccurs  in  the  Vosges,  and  has  thence  obtained  the  name  of  the 
irh  de  Vosges.  A  difference  of  opinion  seems  to  exist  between 
IL.  Elie  de  Beaumont  and  M.  Voltz  respecting  the  exact  member 
f  the  red  sandstone  series  to  which  this  rock  should  be  referred; 
tie  former  considering  it  the  equivalent  of  the  rothe  todte  liegende, 
rhich  occurs  beneath  the  zechstein;  the  latter,  that  it  is  the  lower 
ortion  of  the  red  or  variegated  sandstone,  which  rests  on  the 
echstein:  as  the  zechstein  is  wanting  in  the  district,  there  is 
erhaps  but  little  essential  difference  in  these  opinions. 

The  Grh  de  Vosges  is  essentially  composed  of  amorphous 
rains  of  quartz,  commonly  covered  by  a  thm  coating  of  red  per- 
zide  of  iron ;  among  which  are  discovered  others  imch  appear 
ragments  of  felspar  crystals.  .  It  is  often  marked  by  cross  and 

*  Elie  de  Beaumont,  Terrains  Secondaires  du  Systdme  des  Vosges. 
f  The  grains  forming  this  oolitic  rock  are  radiated  from  the  centre  to 
le  drcunference. 
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Fig.  82. 


diagonal  laminae  so  common  in  arenaceous  rocks,  the 
bably,  of  deposit  by  cross  currents  of  water.  The  rock 
quartz  pebbles,  sometimes  so  abundantly  as  to  present  a 
merate  with  an  arenaceous  cement  From  the  mineral  c 
of  these  pebbles,  M.  £lie  de  Beaumont  considers  that 
derived  from  the  destruction  of  the  older  rocks,  and  are 
larger  portions  which  have  better  resisted  trituration  t 
smaller  grains  composing  the  body  of  the  sandstone. 

The  variegated  or  red  sandstone  of  some  countries  a 
good  building-stone,  and  when  nearly  free  from  colon 
Epinal  (Vosges),  one  of  handsome  appearance.  In  m 
where  it  becomes  schistose  from  mica,  it  is  often  employ 
some  varieties  of  the  old  red  sandstone 
of  the  English,  for  flag-stones,  and  even 
tiles  for  houses. 

According  to  Professor  Sedgwick,  the 
red  sandstone  occurring  above  the  mag- 
nesian  limestone,  in  the  North  of  England, 
represents  the  Bunter  sandstein  of  Ger- 
many, the  variegated  marls  surmounting 
it  being  the  equivalent  of  the  keuper  of 
the  same  country.  This  sandstone  is  re- 
presented as  of  a  complex  character,  from 
the  variable  mixtures  of  sand,  sandstone, 
and  marl.  In  its  range  from  Nottingham- 
shire into  Yorkshire  it  is  generally  coarse, 
often  nearly  incoherent,  and  here  and 
there  passes  into  a  fine  conglomerate.  The 
superincumbent  marls  are  red  and  gyp- 
seous *. 

Organic  Remains  of  the  Red  or  Varie- 
gated Sandstone, — M.  Elie  de  Beaumont 
notices  that  at  Domptail  (Vosges),  this 
rock  contains  abundantly  the  casts  of 
shells,  for  the  greater  part,  of  the  same 
genera,  and  even  of  the  same  species,  as 
Uiose  discovered  in  the  muschelkalk. 
And  M.  Voltz  remarks,  that  the  red  sand- 
stone of  the  Vosges  presents  the  following 
shells  i-^Terebratuia,  Trigonia^  Pecten, 
Plagiostoma,  Avicula  (Mytilus)  socialise 
Turritella  ?    Nattca  ?     ITiese  different 

[The  above  wood-cut,  taken  from  a  figure  by  M.  Adolphe  Bi 
(Ann.  des  Sci.  Nat  t.  xv.  pi.  16.),  represents  the  fructificatkM 
Foltxia  brevifoUOf  as  exhibited  in  a  specimen  firom  Sulz-Ies-Bai 


*  Sedgwick)  QeoL  Ttv&ft.  ^\v^  %«t\«&«  voL*  liii 
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ibelb  would  appear,  from  the  lists  of  MM.  AL  Brongniart  and 
Boeniiiffhaiis,  to  have  received  the  following  names ;  Turritella 
MkoUrt  (Sulz-les-Bains,  near  Strashurg);  Natica  Gaillardotu^ 
Volts  (Domptail)  ;  MytUtu  eduHformiSf  Schlot.  (Domptail)  ; 
Trwama  vulgaris,  Schlot.  (Domptail)  ;  Plagiostoma  lineatum 
(Siua-Ies-Bains) ;  P,  striatum  (SuIz-les-Bains) ;  Myacites  elonyo' 
tat  (Sulz-les-Bains)  ;  M,  mtuculoides  (SuLs-les-Bains)  ; — fossils 
nearly  the  whole  of  which  have  been  enumerated  above  as  found 
in  the  Muschelkalk. 

The  following  list  of  Vegetables,  with  their  localities,  is  from 
%i^  Adolphe  Brongniart :  Calamites  arenariuSf  Wasselonne  and 
Mannoutier  (Bas-Rhin)  ;  C.  Mougeotiiy  Marmoutier ;  C.  remotusy 
Wasselonne ;  Anomopteris  Mougeotii,  Wasselonne,  Sulz-les-Bains ; 
Jfevropterii  FoUziif  Sulz-les-Bains ;  N,  elegansy  Sulz-les-Bains ; 
Sphenopteris  Myriophyllum,  Sulz-les-Bains ;  Sp. palmetto;  Fill' 
cUes  scolopendroides  ;  Foltzia  hrevifolia  ;  V,  elegans  ;  V,  rigida  ; 
y,  acutifolia;  V,  heterophylla;  Convallarites  erecta  ;  C.  nutans  ; 
JPaleoxyris  regulari^;  Echinostachys  ohlongus;  jEthophyllum  sti* 
gndare; — all  from  Sulz-les-Bains*. 

Zechstein, — This  name  has,  fortunately,  been  applied  by  Hum- 
lioldt  to  distinguish  a  limestone  series  of  a  very  variable  character, 
to  which  different  names  were  given,  the  term  zechstein  having 
l)een  previously  applied  to  only  one  of  the  varieties.  The  various 
lieds  were  known  to  the  German  miners  by  the  names  of  Asche  (fri- 
idile  marl^,  Stinkstein  (fetid  limestone),  Rauchwache,  Zechstein, 
%nd  Kupferschiefer  (copper^slate)  ;  the  latter  and  lowest  deposit 
hemg  worked  for  the  copper  it  contains,  particularly  in  the  Mans- 
field country,  Thuringia,  Franconia,  and  the  Hartz.  According 
to  Daubuisson,  the  mean  thickness  of  the  copper-slate  in  these 
countries  is  about  one  foot.  The  zechstein  is  represented  as  some- 
times from  twenty  to  thirty  yards  thick ;  the  rauchwacke,  when 
|mre  and  compact,  one  yard  thick,  when  cellular  sometimes 
Attaining  fifteen  to  sixteen  yards ;  the  stinkstein,  from  one  to 
thirty  yards  thick ;  and  the  asche,  very  variable.  Notwithstanding 
these  minor  divisions,  to  which  an  extraordinary  value  has  been 
attached,  it  does  not  appear  that  they  can  always  be  observed  in 
the  countries  where  they  have  been  established ;  for  Daubuisson 
observes,  that  the  upper  portions  pass  into  each  other,  and  even 
fometimes  into  the  zechstein. 

According  to  Professor  Sedgwick,  the  magnesian  limestone  of 
die  North  of  England,  which  is  the  equivalent  of  this  deposit  in 
Germany,  is  divisible  into,  1.  Marl  slate  and  compact  limestone, 
or  compact  and  shelly  limestone,,  and  variegated  marls.  2.  Yellow 
magnesian  limestone.  3.  Red  marl  and  gypsum.  4.  lliin-bedded 
limestone.  The  same  author  considers  No.  1.  as  equivalent  to  the 

*  Brongniart,  Prodrome  d*une  Histoire  des  V&g^t8L>axYo««^«%^\%)^*^* 
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kupferschlefer  and  zecbstein,  and  Noe.  2.  3.  and  4.  to  ihe  mdh 
wacke,  ascbe,  stinkstein,  &c.  of  Thuringia. 

Organic  Remains  of  the  Zechstein  and  Copper  Slate, 

Reptilia. 

Monitor  of  Thuringia,  Cuv.  Copper  or  Bituminons  Slate 
Mansfeld;  Rothenbnrg  on  the  Saale;  Gluckbrum; 
Memmingen,  &c.  AL  Brong, 

Pisces. 

1.  Palaeothrissum  macrocephalum,  Blain,    Cop.  or  Bit  Slatei 

Mansfeld,  AL  Brong, ;  Man  Slate,  Midde- 
ridge  and  East  Thickley,  Sedg, 

2.  magnum,  Blain.  Cop.  or  Bit  Slate,  MansJ^di 

AL  Brong, ;  Marl  Slate,  Middieridge  ad 
East  Thicklev,  A9«d^. 

3.  '  ■     insequilobum,  JBlain,    Bit  Slate,  Auton,  il 

Brong, 

4.  parvum,  Blain,  Bit  Slate,  Auton,  AL  Brm 

5.  ■  macropterum,  Bronn.    Cop.  Slate,   Bdnefc* 

waiter,  Thuringia,  Hoen. 

6.  ■  elegans,  .    Marl  Slate,  Midderidgeaad 

East  Thickley,  Sedg, 
,  species  not  determined.    Marl  Slate,  Midde> 

ridge  and  East  Thickley,  Sedg, 
Fish,  genera  not  determined.    Marl  Slate,  East  Thiddej, 

Sedg.;  Mag.  Limestone,  PaUion,  Wvuk 

MoLLUSCA  AND  CoNCHIFERA. 

Turbo? .     Mag.  Limest.,  Marr  and  Hickleton,  Siig' 

Pleurotomaria? .  Mag.  Limest,  Humbleton,  Sedg, 

Melania?  5  species.   Mag.  Limest,  Hawthorn  Hive,  PkH 
Ammonites,  species  not  determined.     Humbleton,  Sedg. 

1.  Producta  aculeata*,  A  I,  Brong,  Biidengen ;  Neustadt,  Hob.; 

Thuringia,  &c.,  AL  Brong. ;  Durham  and  Noitb* 
umberland,  Sedg. 

2.  rugosa,  Schlot.    Ropsen,  near  Gera,  Horn. 

3.  '     speluncaria,  AL  Brong.  Ropsen,  Hoen, ;  GliickbrunD) 

AL  Brong. 

4.  antiquata.  Sow.    Midderidge^  Sedgwick. 

5.  calva,  Sow.    Humbleton ;  Midderidge,  &c.,  Se^- 

6.  spinosa.  Sow,    Humbleton,  &c.,  Seij. 

*  M.  Hceninghaus  considers  this  shell,  which  is  the  Gryphites  aeMUetft 
o/Schlotheim,  to  be  the  same  as  the  Producta  horrida  and  P.  ecabriail* 
ofSowerby. 
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7.  Productalongispina,  Sow.  Cop.  Slate,  Schmerbach,  Thuringia, 

Hoen. 

1.  Spirifer  trigonalis,  Sow.    Ropsen,  Horn, 

2.  ■    unoulatus,  Sow.    Midderidge ;  Humbleton,  Sedg. 

8.  ■  multiplicatus,        .     Humbleton,  Sedg. 

4.  minutus,         .    Humbleton,  Sedg. 

1.  Terebratula  intermedia,        .    Ropsen,  Hoen. 

2,  .    inflata,  Schlot.    Rdpsen,  Hem. ;  Schmerbach,  Al. 

Brong. 

3. cristata,        .    Ropsen,  Hoen. 

4. lacunosa,  Schlot.    Cop.  Slate,  Schmerbach ;  Zech- 

stein,  Ropsen,  Hoen. 

5.  '         paradoxa,  Schlot.    Schmerbach,  Al.  Brong. 

6.  « elongata,  Schlot.    Schmerbach,  Al.  Brong. 

7. pelargonata,  Schlot.    Schmerbach,  Al.  Brong. 

8.  ■  pygmaea,  Schlot.      Leimstein  near  Schmalkalde, 

Al.  Brong. 
•,  species  not  determined.    Durham,  Sedgm 
1.  Axinus  obscurus,  Sow.    Durham,  Sedg, 
1.  Area  tumida,  Sow.     Humbleton,  Durham,  Sedg. 
I.  CucuUeea  sulcata,  Sow.    Humbleton,  Durham,  Sfidg. 
1.  Aidcula  gryphaeoides.  Sow.    Hiunbleton  (abundant),  Sedg. 

Ostrea,  species  not  determined.     Northumberland,  Sedg. 

Astarte  ? .    Whitley,  Northumberland,  Sedg. 

1.  Modiola  acuminata,  Sow.    Black  Rocks,  Durham,  Sedg. 

,  species  not  determined.     Durham,  Sedg. 

1.  Mytilus  squamosus.  Sow.    Ferrybridge,  Sedg. 

P^ten,  species  not  determined.     Humbleton,  &c.,  Sedg. 

Y(^r?^™^  }  Humbleton,  A^eei^r. 

Radiaria. 

1.  Cyathocrinites  planus,  Miller,    Mag.  Limestone,  Durham  and 

Northumberland,  Sedg. 
I,  Encrinites  ramosus,  Schlot.     GlUckbrunn,  Al.  Brong. 

Crinoidea,  genera  not  determined.    Durham  and  Nordium- 
berland,  Sedg. 

ZOOPHYTA. 

1.  Retepora  flustracea,  Phil.    Shelly  Mag.  Limest.,  Durham, 

Sedg. 

2,  «  virgulacea,  Phil.    Shelly  Mag.  Limest.,  Durham, 

Sedg. 
Polypifers,  genera  not  determined.    Durham  aad  ^Qt^3(\\aar 
berland,  Sedg. 
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Plantje. 

1.  Fucoides  Brardii,  Ad.  Brrnig.     Cop.  Slate,   Frankenbeq^ 

Al,  Brong, 

2.  selaginoides,   Ad,  Brong,    Cop.  Slate,  Manifl^ 

AL  Prong, 

3.  I.  lycopodioictes,  Ad,  Brong,    Cop.  Slate,  Mamftl^ 

AL  Brong, 

4, frumentarius,  Ad,  Brong,    Cop.  Slate,  MansftU^ 

Al  Brong, 

5,  pectinatus,    Ad,  Brong,    Cop.  Slate,   ManifeU 

AL  Brong, 

6.  — —  digitatus,  Ad,  Brong,    Cop,  Slate.  Mansfdd,  Al 

Brong, 
1.  Cupressus  Ullmanni,  Bronn,    Locality  not  named,  Hcen, 
Vegetables  not  deteimined.     In  the  Marl  Slate  and  Bbi 
Shelly  Limestone,  Durham,  Sedg, 

TodlUe§ende8, — ^This  name  is  given  to  a  series  of  red  congkoM- 
rates  and  sandstones  which  occurs  between  the  zechstein  or  map 
nesian  limestone  and  the  rocks  of  the  next  group.  The  tenn  b 
applied  to  those  beds  of  Thuringia  and  other  a^acent  coantria 
upon  which  the  copper  slate  reposes,  with  the  intervention  onlyrf 
portions  which  are  white.  It  is  for  the  most  part  a  conglomerate, 
formed  from  the  partial  destruction  of  those  rocks  on  which  it 
rests,  the  fragments  being  sometimes  angular  as  weU  as  rolled, 
and  of  considerable  size. 

It  seemed  necessary  to  premise  the  above  notices  of  the  oigame 
contents  and  more  remarkable  mineralogical  structures  of  the 
various  rocks  of  this  group,  known  as  Variegated  or  Red  Mariy 
Muschellkalk,  Red  or  Variegated  Sandstone,  Zechstein,  Todtliecen- 
des,  in  order  that  the  student  might  be  acquainted  with  the  whole 
when  fully  developed.  Taken  as  a  mass,  the  group  may  be  con- 
sidered as  a  deposit  of  conglomerate,  sandstone,  and  mail,  in 
which  limestones  occasionally  appear  in  certain  terms  of  the  fft 
ries ;  sometimes  one  calcareous  deposit  being  absent,  as  the  moi- 
chelkalk  is  in  England ;  sometimes  the  zechstein,  as  in  the  Eaflt 
and  South  of  France ;  and  sometimes  both  being  wanting,  as  IB 
Devonshire.  The  conglomerates,  or  todtliegendes,  commonly  o^ 
cup^  the  lowest  position,  though  conglomerates  are  occasionany 
noticed  higher  in  the  series ;  the  sandstones  form  the  central  pait^ 
and  the  marls  occur  in  the  highest  place. 

When  we  look  for  the  causes  wmch  have  produced  thii  mtM, 
we  may,  perhaps,  in  some  measure  approach  them,  by  obaerrnig 
the  state  of  the  rocks  on  which  it  rests.  These  are  found  in  the 
greater  number  of  instances  highly  inclined,  contorted,  or  ftie- 
tured'f — evidences  of  disturbance  which  the  inferior  and  older 
Tocks  have  suffered  previous  \a  ^«  ^e^onx.  ^  ^S^^&t^i.iaiidstoiN 
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group  wpm  them.  These  appearances  are  not  confined  to  par- 
ticular districts,  but  are  more  or  less  general  iu  Western  Europe. 
From  an  examination  of  the  lower  beds,  no  doubt  can  exist  that 
'the  fragments  of  rock  contained  in  them  have,  for  the  greater  part, 
been  broken  off  from  the  older  rocks  of  the  more  immediate  neigh- 
bourhood. It  therefore  does  not  appear  unphilosophical  to  con* 
ciode,  that,  as  far  at  least  as  regards  these  lower  conglomerate 
beds,  we  have  approached  to  something  like  cause  and  effect, — the 
cause  being  the  disruption  of  the  strata,  the  effect  being  the 
dispersion  of  fragments,  consequent  on  this  violence,  over  greater 
or  less  spaces  by  means  of  water,  probably  thrown  into  agitation 
by  the  disturbing  forces.  That  ^ese  forces  have,  in  some  places 
at  least,  not  been  small,  is  attested  by  the  large  size  of  the  frag- 
ments driven  off,  and  the  rounded  condition  of  some  of  them,  as 
nay  be  well  seen  in  the  vicinity  of  Bristol,  where  the  rolled  masses 
of  carboniferous  limestone  are  sometimes  considerable.  Of  the 
^evidence  of  the  great  force  employed,  I  know  of  no  better  or  more 
easily  observed  example,  than  that  at  the  cliff  named  Petit  Tor, 
in  Babbacombe  Bay,  Devon,  whence  so  large  a  portion  of  Devon- 
ahire  marble  is  obtained.    Of  this  the  following  is  a  section : 

Fig.  83.  P 


P.  Petit  Tor  Cliff,  a.  Fractured  limestone,  the  rents  filled,  when 
sufficiently  open,  with  the  finer  matter  of  the  conglomerate  above ; 
when  small,  with  carbonate  of  lime,  b,  A  breccia  composed  of 
laige  blocks  (some  many  tons  in  weight)  of  the  same  marble 
limestone  as  that  on  which  it  rests,  mixed  with  others  which  are 
■mailer.  The  cementing  matter  is  sometimes  a  red  sandstone,  at 
others  a  reddish  clay.  The  marble  (known  as  Babbacombe  mar- 
lAe)  is  wholly  derived  from  these  blocks,  which  are  detached  from 
liheir  situations,  and  either  partially  worked  on  the  spot  or  removed 
elsewhere.  Upon  this  rest  beds  of  fine  conglomerate,  sand- 
stone, and  red  marl  at  c,  which  are  surmounted  by  a  considerable 
thickness  of  red  conglomerate  d^  extending  many  miles  eastward, 
and  composed  of  angular  pieces  of  limestone,  numerous  pieces  of 
•late,  such  as  is  of  common  occurrence  in  the  surrounding  country, 
as  also  of  pebbles  of  flinty  slate,  grauwacke,  &c.  Among  these  are 
nranded  pieces  of  various  red  quartziferous  porphyries.  /.  A 
ftnlt  or  dislocation  of  the  strata,  bringing  down  the  conglomerates 
on  the  left  hand  against  the  fractured  limestones  on  the  right. 
Such  finilts  or  dislocations  are  common  in  the  diattkU 
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Fig.  84. 


The  annexed  figure  (84.)  represents  one  of  the 
fissures  in  the  fractured  limestone  at  Petit  Tor, 
filled  with  the  matter  of  the  superincumbent 
conglomerate,  b,  h.  Limestone,  a.  Fissure  filled 
with  the  smaller  matter  of  the  red  conglomerate 
above. 

It  will,  I  think,  be  scarcely  doubted  that  the  h 
angular  blocks  of  the  conglomerate  h  (Fig.  83.)  \^ 
have  been  detached  by  violence  from  the  lime-  '''^ 
stone  Oy  and  that  during  the  commotion  they 
were  thrown  upwards,  in  such  a  manner  that 
other  and  smaller  detrital  substances  were  insinuated  between 
them ;  the  watery  mass  being  highly  charged  with  sand,  mud,  nd 
other  substances  held  in  mecnanical  suspension.  It  may  be  nM 
while  on  the  subject  of  these  Devonshire  conglomerates,  to  adcnee 
evidence  of  the  unequal  action  of  currents  of  water,  in  this  vidni^i 
at  the  same  period.  There  is  perhaps  no  situation  where  better  o- 
amples  of  this  can  be  observed  than  on  the  line  of  clifis  betvaci 
Babbacombe  and  £xmouth.  The  alternations  of  conglomentef 
and  sandstones  at  the  upper  part  of  the  conglomerate  series  ne 
very  frequent,  more  particularly  in  the  vicinity  of  Dawlish ;  show- 
ing that  the  water  had  sometimes  the  power  of  canying  forwtid 
rounded  fragments  of  the  size  of  the  head  and  even  larger,  while 
at  others  it  merely  accomplished  a  transport  of  sand.  Not  onlf 
do  the  alternations  exhibit  this  difierence  in  the  velocity  of  water, 
but  the  structure  of  the  beds  themselves  shows  that  the  directioni 
of  the  currents  have  continually  varied,  as  will  be  seen  by  the  an- 
nexed wood-cuts. 

Fig.  85.  Fig.  86. 


Fig.  85.  in  the  cliff  west  of  Dawlish.  Fig.  86.  on  the  east  if 
the  same  place,  a.  Conglomerate.  6,  6,  5,  6.  Sandstones  depoiitel 
by  changing  currents,  c.  Wavy  sandstone.  The  velocity  of  Ai 
currents  must  have  varied  considerably  in  the  immediate  ne^ 
bourhood  of  these  sections ;  for  amidst  sandstones  and  modentfllf 
sized  conglomerates  on  the  west  side  of  Little  Haldon  mU,  then 
are  blocks  of  quartziferous  porphyry,  generally  rounded,  of  a  (fli 
or  more  in  weight.  Being  scattered  on  the  side  of  the  hill,  tfaff 
might  be  mistaken  for  superficial  erratic  blocks,  did  we  not  fins 
them  in  their  proper  situations  on  the  sea  clifis,  imbedded  in  dv 
mass  of  rock.  The  transport  of  these  must  have  required  water 
moving  with  considerable  veloeit^,  «k^  ^«Qi>  ^losaibly,  aa  to  grind 


Bed  SandtUme  Oroyp,  403 

down  by  attrition  against  each  other,  the  rock  fragments  of  infe- 
rior hardness,  while  the  pieces  of  quartziferous  porphyry  being 
exceedingly  hard  and  of  very  difiicult  fracture  have  better  resisted 
attrition. 

The  presence  of  these  porphyries  in  the  red  conglomerate  of 
Sooth  Devon  is  remarkable,  inasmuch  as,  though  rolled,  masses 
of  the  same  kind  are  not  observed  unconnected  with  the  red  con- 
glomerate of  the  same  country.   The  absence  of  such  rocks  on  the 
exposed  surface  is  certainly  no  proof  that  they  may  not  be  near ; 
for  when  we  consider  the  area  covered  by  the  red  sandstone  series 
in  tiiat  district,  there  is  ample  space  for  the  abundant  occurrence 
of  auch  rocks  beneath  the  sandstone ;  and  there  are  also  many  un- 
ez^ored  situations,  where  they  may  yet  be  detected  among  the 
rocks  now  uncovered  by  the  sandstone  series.    The  student  must 
be  careful  not  too  hastily  togeneralize  on  such  facts  as  have  been 
aboYe  noticed  in  Devonshire,  for  the  appearances  may  be  more  or 
less  local.    When  however  we  extend  our  obser\'^ations,  we  find 
that  conglomerates  are  very  characteristic  of  deposits  of  the  same 
age  in  otiier  parts  of  Britain,  France,  and  Germany,  and  they  most 
mquentiy,  tnough  not  always,  rest  on  disturbed  strata.     As  we 
can  scarcdy  conceive  such  a  general  and  simultaneous  movement 
in  the  inferior  strata,  immediately  preceding  the  first  deposits  of 
the  red  sandstone  series,  that  every  point  on  which  it  reposes  was 
convulsed  and  threw  off  fragments  of  rocks  at  the  same  moment, 
ne  should  rather  look  to  certain  foci  of  disturbance  for  the  di- 
spersion of  fragments  or  the  sudden  elevation  of  lines  of  strata, 
sometimes,  perhaps,  producing  lines  of  mountains,  in  accordance 
with  the  views  of  M.  £lie  de  Beaumont.    The  accumulation  of 
the  larger  fragments,  and  the  relative  amount  of  conglomerate, 
would,  imder  this  hypothesis,  be  greatest  nearest  to  the  disturbing 
cause ;  and  amid  such  turmoil  we  might  anticipate  the  occurrence 
of  igneous  rocks  thrown  up  at  the  same  period.     If  we  return  for 
the  moment  to  that  part  of  Devonshire  with  which  we  commenced 
these  remarks,  we  shall  observe  facts  which  seem  to  afford  support 
to  this  view ;  for  where  the  conglomerates  are  abundant,  there  is 
no  want  of  trappean  rocks  in  the  vicinity,  such  as  various  green- 
stones and  porphyries,  which  have  cut  and  broken  through  the 
slates,  limestones,  and  other  older  rocks,  in  various  directions : 
and  I  had  recentiy  an  opportunity  of  observing,  that  red  quartsd- 
jBerous  porphyry,  precisely  resembling  some  of  that  which  occurs 
so  abundantly  in  rolled  fragments  in  the  red  conglomerate  of  the 
district,  is  found  in  mass  among  the  lower  portion  of  the  latter, 
and  even  (at  Ideston,  near  £xeter,)  surmounts  a  portion  of  it. 
But  notwithstanding  the  abundance  of  the  greenstones  and  dark- 
coloured  porphyries,  not  a  fragment  of  them  has  yet  been  dis- 
coTcred  among  the  conglomerates,  though  rolled  portions  of  the 
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red  porphyries  are  so  abundant:  and  it  should  be  observed,-  duk 
good  sections  are  by  no  means  rare,  particularly  on  the  conli. 
This  fact  seems  to  attest  that  the  dark-coloured  trappean  roda 
did  not  exist  in  such  a  state,  when  fragments  of  slate,  limestnu^ 
&c.  were  broken  off,  that  they  could  be  fractured  and  broken  wiA 
the  rest :  though  it  does  not  show  that  trap  rocks  may  not  hife 
been  protruded  at  the  time  of  the  convulsion,  thus  aiding  die 
confusion,  and  in  a  great  measure  causing  it  *.  On  the  contrajTi 
we  have  every  reason  to  consider  that  the  eruption  of  trap  rocks  did 
accompany,  if  partly  not  produce,  the  disruption  of  strata,  wbenee 
the  fragments  in  the  conglomerate  were  denved :  for  we  have  seen 
that  red  quartziferous  porph3rry,  in  mass,  surmounts  a  portioD  of 
the  red  conglomerate ;  and  the  occurrence  of  trappean  rocks  (prin- 
cipally of  a  red  or  brown  tint,  and  containing  much  siliceoai 
matter,)  so  blended  with  the  conglomerates  that  lines  of  septn^ 
tion  cannot  be  drawn  between  them,  is  by  no  means  rare  in  the 
district  (Western  Town,  Ideston,  and  other  places  in  the  vidmtf 
of  £xeter).  Now  if  igneous  rocks  were  ejected — a  concluiioB 
which  the  facts  appear  to  justify — at  the  time  of  the  productioi 
of  the  conglomerate,  there  would  seem  no  reason  why,  under  ft 
vourable  circumstances,  the  two  should  not  be  in  some  meamn 
blended  with  each  other.  Another  circumstance  also  lends  pn* 
bability  to  this  view,  and  that  is  the  occurrence  of  pebbles  ce- 
mented in  certain  inferior  beds,  (well  observed  on  the  coast  nd 
in-land  between  Babbacombe  Bay  and  Teignmouth,  at  the  C(ff* 
bons,  Torbay,  in  the  vicinity  of  Exeter,  and  other  situations,)  I7 
a  kind  of  semi-trappean  paste,  containing  crystals  of  that  vanet| 
of  felspar  named  Murchisonite  by  Mr.  Levi.  Such  a  cement 
might  possibly  have  resulted  from  the  upburst  of  igneous  rocbi 
accompanied  by  various  gases  beneath  a  mass  of  water,  when  some 
of  the  enipted  matter  may  have  so  combined  as  to  form  a  cement 
in  which  crystals  of  Murchisonite  became  developed :  witkoot 
some  such  hypothesis  this  cement  seems  of  very  difficult  ezplanir 
Hon. 

We  must  now  turn  from  this  scene  of  disturbance,  which  my 
be  one  of  the  extreme  cases,  (though  many  analogous  facts  miglit 
be  adduced,)  to  that  state  of  things  where  no  violent  disruptiDg 
cause  is  to  be  surmised,  but  where,  on  the  contrary,  the  caoiei 
which  produced  the  arenaceous  rocks  that  constitute  the  upper 

Eortion  of  the  next,  and  inferior  group,  have  not  been  interrupted 
y  any  sudden  violence,  one  series  of  rocks  passing  into  the  otbeit 

*  It  should  here  be  remarked,  that  there  is  as  yet  no  evidence  to  sbov 
that  the  dark-coloured  trappean  rocks  of  Devonshire  were  produced  ^itf 
the  formation  of  the  red  sandstone,  for  the  former  have  not  been  ob- 
served to  intrude  among  the  latter. 
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10  that  ihe  exact  lines  of  demarcation  are  imaginary.  Such  a  state 
flf  things  ia  perfectly  consistent  with  local  and  violent  disturbances ; 
ht  the  consequences  of  a  violent  disruption  of  the  inferior  rocks 
would  extend  no  further  than  to  distances  proportioned  to  the 
i^gitatiDg  cause;  and  the  effects  would  gradually  become  less, 
QntQ  finally  the  deposits  at  remote  places  would  not  be  interrupt- 
ad|  though  the  disturbing  causes  may  have  produced  such  a 
general  state  of  things  in  the  fluid  mass,  and  in  the  relative  posi- 
tHMis  of  land  and  water,  that  future  deposits  would  have  an  altered 
character ; — one  more  common  over  a  large  area. 

This  supposed  passage  of  certain  lower  parts  of  the  red  sand- 
rtone  group  into  the  upper  part  of  the  coal  measures,  seems  also 
lapported  by  facts;  for  such  is  stated  to  be  the  case  in  certain  parts 
of  the  continent  of  Europe  (Thuringia,  &c.);  so  that  some  geolo- 
gists, and  among  them  Humboldt,  Baubuisson,  and  others,  con- 
sider the  two  rocks  as  one. 

Between  such  extremes  there  would  be  every  variety  of  deposit, 
produced  either  by  difference  in  the  intensity  of  the  disturbing 
nocesy  or  by  local  circumstances.  Thus,  sands  and  little  or  no 
conglomerate  might  be  found  resting  unconformably  upon  older 
rocks,  even  in  the  vicinity  of  greatly  disturbed  situations,  as  may 
be  occasionally  observed  in  the  district  first  noticed. 

After  the  causes,  whatever  they  were,  which  produced  the  con- 
glomerates and  sandstones  known  by  the  name  of  Todtlie- 
gendes  had  in  some  measure  been  modified,  a  considerable  de- 
posit of  carbonate  of  lime,  often  charged  with  carbonate  of  mag- 
nesia, took  place  over  certain  parts  of  Europe.  This  is  the  Zech" 
stein,  which,  though  somewhat  extensively  developed  in  certain 
parts  of  Germany  and  England,  seems  little  known  in  France. 
The  causes  which  produced  this  limestone  have  therefore  not  been 
so  general  as  those  which  have  fiimished  the  limestones  formerly 
noticed  under  the  head  of  the  Oolitic  Group,  which  are  distributed 
over  a  far  larger  area.  A  deposit  of  bituminous  or  marly  slate 
appears  to  have  been  contemporaneous  at  distant  places,  in  parts  of 
Qermsoij  and  m  the  North  of  England,  containing  the  remams  of  a 
marked  genus  of  fishes,  PaleeothrUsum,  There  is  nothing  in  itself 
remarkable  that  the  same  fish  should  be  discovered  in  rocks  formed 
within  the  same  geological  epoch,  at  such  distances  as  Mansfeld 
and  Durham ;  for  if  these  districts  were  now  beneath  a  common 
sea,  no  naturalist  would  be  surprised  that  cod-fish,  turbots,  and 
many  other  fish,  should  be  caught  at  the  two  places,  being  aware 
that  cod-fish  are  found  on  the  shores  of  North  America  and 
Europe,  and  that  salmon  ascend  the  rivers  of  both  continents.  The 
geologist,  therefore,  should  expect  to  find  the  remains  of  similar 
nsh  entombed  in  contemporaneous  deposits  within  certain  reason- 
able limits  of  latitude  and  longitude. 

As  yet,  these  fish  seem  only  to  have  been  observed  in  the  co^\iec 
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slate,  or  its  equivalent  marly  slate,  and  they  have  apparently  pe- 
rished by  some  common  cause ;  what  that  cause  was,  is  by  no 
means  clear ;  but  certainly  waters  which  held  the  component  paxti. 
of  the  copper  slate  of  Thuringia  either  in  chemical  solntion  or 
mechanical  suspension,  would  be  far  from  favourable  to  their  ex- 
istence ;  and  if  the  fish  should  by  any  chance  be  enveloped  by,  or 
enter  into,  such  a  medium,  they  are  little  likely  to  escape  from  it 
alive.  When  we  consider  the  numerous  marine  animals  alwayi 
ready  to  prey  upon  fish  either  dead  or  alive,  and  the  small  chance 
that  any  part  of  them  will  remain  undevoured,  their  occmreiioe 
in  a  fossil  state  would  seem  to  show  that  the  fossil  individnali 
have  been  so  circumstanced,  that  the  creatures  which  preyed  on 
them  were  either  destroyed  with  them,  avoided  those  sitoatioiiii 
which  had  been  fatal  to  the  fish,  or  were  otherwise  unable  to  get 
at  them. 

By  reference  to  the  lists  of  organic  remains,  it  will  be  observed 
that  marine  vegetables  occur  with  the  fish  in  the  copper  alite. 
Now  certainly  these  could  no  more  exist  in  a  medium  impregnated 
with  copper,  than  the  fish ;  and  therefore  one  would  suppose  Hbey 
existed  prior  to  the  presence  of  such  medium:  but  as  we  cannot  M 
certain  that  these  grew  near  the  spot  where  now  entombed,  (ftr 
marine  plants  may,  like  the  Gidf  Weed  in  the  Atlantic,  be  drifitd 
considerable  distances,)  they  do  not  afford  direct  proof  that  the 
copper  slate  was  of  sudden  formation.  The  remains  of  the  Monitor 
seem  to  indicate  a  certain  proximity  of  land,  while  the  mass  of 
fossils  in  the  copper  slate  of  Thuringia  point  to  a  peculiarly  marine 
origin. 

The  remainder  of  the  zechstein  deposit  is  of  a  very  mixed  dift- 
racter ;  part  being  such  as  we  may  consider  mechanical,  Irhile 
much  seems  a  deposit  from  a  solution  of  carbonate  of  lime,  cariw- 
nate  of  magnesia,  and  sulphate  of  lime.  The  very  frequent  occiur- 
rence  of  the  two  latter  in  rocks  that  have  apparently  originated 
from  some  common  causes,  is  very  remarkable,  and  has  not  yet 
received  any  satisfactory  explanation. 

In  Somersetshire  and  the  neighbouring  districts,  as  will  be  found 
detailed  in  the  valuable  memoir  of  Prof.  Buckland  and  Mr.  Conr- 
beare,  the  lower  part  of  the  red  sandstone  group  is  very  freqaenujr 
a  conglomerate,  composed  of  the  broken  fragments  of  inferior 
and  older  rocks,  united  by  a  cement  containing  much  magnesiai 
whence  the  term  Magnesian  or  Dolomitic  conglomerate.  Thii 
rock  sometimes  graduates  into  a  limestone  of  a  more  homoffeneooi 
character,  apparently  containing  also  much  magnesia.  This  con- 
glomerate seems  the  result  of  violent  action  on  the  carboniferom 
rocks  of  the  district,  detaching  various  portions  of  them ;  in  hid, 
producing  effects  similar  to  those  noticed  under  the  head  of  Todl- 
liegendcs.  How  far  it  may  be  the  exact  equivalent  of  the  latter 
depositf  tlint  is,  how  far  the  epoch  of  disturbance  maybe  precisely 
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mntemporaneouB,  may  admit  of  doubt ;  for  the  disturbance  which 
sansed  the  deposit  of  the  todtliegendes  in  Germany  may  have  pre- 
ieded  that  in  Somersetshire,  so  that  the  latter  may  have  been 
nought  more  within  the  influence  of  a  spread  of  calcareous  and 
nagnedaii  matter.  Still,  however,  the  production  of  the  magne- 
aan  conglomerates  of  Somersetshire  and  the  todtliegendes  of 
nmxingia  would  not  appear  to  be  widely  separated  from  each 
)ther  as  to  time ;  they  both  constitute  the  lower  part  of  the  red 
iVidBtone  group  in  their  respective  situations,  and  both  contain 
hi^ents  of  rocks  commonly  derived  from  then-  more  immediate 
ricmities. 

The  organic  character  of  the  zechstein  approaches,  as  far  as  re- 
Marches  have  yet  gone,  that  of  the  next,  or  carboniferous  group ; 
FroduettB,  which  abound  in  the  carboniferous  limestone,  being  not 
only  discovered  in  the  zechstein,  (and  the  student  will  observe 
tiiat  these  shells  are  now  introduced  for  the  first  time  to  his  atten- 
tion,) but  also  Spirifers,  shells  which  likewise  abound  in  the  car- 
boniferous limestone. 

This  resemblance  in  organic  character  will  at  all  times  render 
Redetermination  of  the  two  rocks  difficult,  when  their  geological 
pNBtion  cannot  be  ascertained  with  certainty,  as  it  may  be  in  Ger- 
many and  England ;  and  this  difficulty  may  in  some  cases  be  con- 
sidered as  insurmountable,  should  the  deposit  of  the  two  groups 
litve  been  continuous,  without  a  violent  break,  the  limestones  of 
ihe  carboniferous  group  being  dispersed  through  the  coal  measures 
(tibe  upper  part  of  the  next  group)  in  such  a  manner  that  they 
ttoold  approach  the  upper  terms  of  the  series  on  the  one  hand, 
nriiile  the  zechstein  should  descend  towards  the  lowest  parts  of 
Hbe  red  sandstone  group  on  the  other.  We  might  under  these 
dicumstances  have  a  series  of  arenaceous  and  limestone  rocks  re- 
presenting the  carboniferous  group  and  the  lower  part  of  the  red 
sandstone  group,  with  one  common,  ot  nearly  common,  oiganic 
efaaracter. 

The  zechstein  is  surmounted  by  a  mass  of  rocks  for  the  most 
part  arenaceous,  though  occasionally  argillaceous,  gypseous  and 
ssliferous.  The  predominant  colour  is  red,  though  it  is  not  unfre- 
qaently  variegated,  whence  the  names  JBunter  sandstein,  Gres 
iigarrL  Where  the  zechstein  is  wanting,  this  sandstone  graduates 
into  the  inferior  conglomerates ;  and  when  the  muschelKalk  is  ab- 
sent, as  is  commonly  the  case  in  England,  into  the  red  or  variegated 
mails :  therefore  where  both  calcareous  deposits  are  wanting,  as  in 
Devonshire,  the  whole  group  is  composed  of  conglomerates  in  the 
lower  part,  sandstones  in  the  central,  and  marls  in  the  upper  part; 
an  arrangement  which  suggests  the  possibility  of  the  whole,  in  that 
district,  being  the  result  of  some  violent  commotion,  which,  as  the 
disturbing  causes  ceased,  deposited  the  various  matters  held  by 
water  in  mechanical  suspension,  somewhat  in  the  order  of  their 
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specific  gravities ;  alwa3rs  considering  the  deposit  in  the  mail:  fit 
not  only  are  there  alternations  of  conglomerates  and  sanilttfliMiiy 
sandstones  and  marls,  where  these  pass  into  each  other  on  As 
large  scale,  hut  frequent  mixtures  of  them  also  occur  on  the  null 
scale,  a  circumstance  easily  accounted  for  hy  the  yarious  diredkM 
and  velocities  of  the  currents  produced. 

Viewed  in  the  mass,  circumstances  appear  to  have  been  xaS^ 
vourahle  in  those  parts  of  Europe  which  have  heen  best  examinsi 
if  not  to  the  existence  of  animal  and  vegetable  life,  at  least  to  dw 
envelopment  and  preservation;  for,  with  the  exception  of  AliM 
and  Lorraine,  few  or  no  organic  remains  have  been  detected  in  iL 
The  vegetables  have  heen  enumerated  in  the  foregoing  lists,  fisa 
the  descriptions  of  M.  Adolphe  Brongniart,  as  also  the  remainsif 
shells  noticed  by  M.  Voltz  and  others.  It  will  be  observed  Hotk 
these  shells  are  not  analogous  to  those  found  in  the  zechstein,  taC 
to  those  discovered  in  the  muschelkalk,  a  rock  well  developed  ■ 
the  same  district ;  and  it  is  further  important  to  observe,  that  tti 
remains  discovered  by  M.  Elie  de  Beaumont  in  the  sandrtaM 
under  consideration  in  the  district  of  the  Vosges,  were  not  fir 
beneath  the  muschelkalk.  I  obtained  niunerous  fragments  d 
vegetables  from  the  sandstone  near  £pinal,  Vosges,  and  theqoih 
rymen  informed  me  that  they  very  commonly  dbcovered  themi 

We  next  arrive,  in  the  ascending  order,  to  the  Muschelkalk,  1 1 
limestone  the  general  characters  and  known  extent  of  which  hilt 
been  above  noticed.  We  here  have  evidence,  that  probably  at 
the  same  epoch,  a  deposit  of  calcareous  matter,  mixed  sometima 
with  carbonate  of  magnesia,  took  place,  if  not  continuously,  ll 
least  at  various  places,  from  Poland  to  the  Soutlf  of  France  incb' 
sive,  and  that  the  marine  animal  life  distributed  over  tliis  sodke 
was  nearly  of  the  same  kind.  But  it  is  a  remarkable  circumstanee^ 
that  this  life  was  not  of  the  same  kind  as  that  wliich  existed  it 
the  time  when  the  zechstein  was  formed ;  the  organic  charuto 
of  the  two  rocks  is  distinct,  and  therefore  those  who  found  dK> 
divisions  of  strata  solely  on  this  character,  do  well  in  draviqi 
a  line  between  the  zechstein  and  muschelkalk.  If,  however,  it 
look  at  these  rocks  on  the  large  scale,  and  see  the  mineralogicil 
passages  which  exist  between  the  muschelkalk  and  the  rocb 
above  and  beneath  it,  and  observe  that  the  latter  is  far  from  bdog 
a  constant  rock  in  the  series,  and  that,  when  it  is  absent,  thoK 
beds  between  which  it  is  interposed  graduate  into  one  anodieff 
— there  seems,  theoretically,  a  difficulty  in  separating  them,  aiA 
practically,  a  very  great  inconvenience  in  doing  so.  In  whaterff 
manner  this  may  he  considered,  the  fact  appears  certain,  that  cir 
cumstances  liad  arisen,  changing  the  character  of  marine  life  over 
certain  portions  of  Europe ;  that  certain  animals  aboundingjpf^ 
viously,  and  apparently  for  a  great  length  of  time,  (for,  as  win  be 
Been  m  the  sequel,  they  are  enveloped  in  various  thick  and  oUer 
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depMtt^)  have  disappeared  never  to  reappear,  at  )eaat  aa  tat  aa 
«•  can  jadge  from  our  knowledge  of  organic  remains. 

Among  the  organic  remains 
oT  the  muBchelkalk,  two  of  the  Fig.  87. 

moat  characteristic  of  wliich  are 
Gonaidered  to  be  the  Ammoti'ilet 
Wrfont(Fig.87.)and^nrr(»i(» 
^»oialiforma{EMUif',rmh,^M.), 
«K  reptitet  of  various  forms. 
That  estraordinary  genu«  the 
PlenosaoruB,  and  perhaps  also 
Ida  common  foBsif  companion 
flw  Ichthyosaurus,  tlien  existed 
■MT  what  DOW  constitutes  the 
WatLiu  part  of  France,  and  the 

.A^jmning  portion  of  Germany.  How  far  these  singular  Saurians 
BOW  first  appeared  in  any  numbers  on  this  part  of  the  globe,  it 
%aiiU  be  premature  to  say ;  for  it  must  alwuys  be  recollected  that 
"flu  preservation  of  aucli  remains  would  seem  in  some  measure 
Id  depend  on  local  circumatanccs,  possibly  also,  in  some  cases,  on 
4c  proximity  of  land,  and  the  chance  that  if  drifted  about  at  see 
'when  dead,  they  escaped  the  other  predaceous  animals  of  the  deep, 
jdljgreat and  small,  ready  to  devour  them. 

lie  Red  or  Variegated  Marls,  which  surmount  the  muschelkalk, 
JOWMS  a  common  mineral  ogical  character  over  very  considerable 
■ttfaces,  such  as  would  lead  us  to  suppose  some  cause  or  causes 
taerting  an  influence  of  a  similar  kind  over  a  large  area.  At  least 
•ome  cd  the  deposit  would  appear  chemical,  more  particularly  the 
maaaes  of  gypsum  and  rock  salt  which  exist  in  certain  situations. 
How  far  the  mass  of  marls  may  be  partly  chemical  or  wholly  me- 
diaaieal,  may  in  the  present  slate  of  science  admit  of  adouht;  but 
Aa  sandstones  with  whicli  they  are  in  some  countries  connected, 
nd  which  even  seem  to  replace  them  in  others,  (as  has  been  above 
Botieed,)  are  of  mechanical  origin,  inclosing  beds  of  coal,  the  re- 
kllt  probahly  of  accumulated  vegetable  matter.  Some  of  the  ve- 
getable remains  are  slill  suificiently  preserved  to  be  determined, 
M  in  the  red  or  variegated  marls  of  the  Voages. 
'  If  we  now  abstract  our  attention  from  these  divisions,  and  regard 
the  group  as  a  mass,  it  would  seem  to  constitute  the  base  of  a  great 
■ntem  of  rocks,  which  when  not  deranged  by  local  accidents  has 
uled  numerous  hollows  and  inequalities  of  land  over  considerable 
psrta  of  Europe.  Such  a  hollow  is  well  seen  in  our  own  island, 
where  the  central  cmmties  are  occupied  by  the  red  sandstone 
MRes,  apparently  filling  up  a  previously  existing  depression  in 
that  lituetion ;  but  it  is  here  without  that  great  capping  of  the 
oolitic  group,  which  for  the  moat  part  rests  so  conformably  upon 
it;  to  tbat  taken  as  a  whole,  and  abstraction  being  made  of  minor 
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derangements,  they  would  both  seem  to  fill  up  great  depreiBMW 
in  Europe ;  sometimes,  as  is  the  case  in  Nomaandy,  the  oolitk 
rocks  overlapping  and  coming  in  contact  with  strata  older  dm  i 
the  red  sandstone  group,  upon  which  latter  they  nevertheleM  nk 
so  conformably  that  the  one  seems  a  tranquil  deposit  on  thi 
other.  We  must  of  course  consider  that  niunerous  local  diitiii^ 
ances  would  produce  a  marked  difference  in  the  deposits,  evn 
amounting  to  a  perfectly  unconformable  position;  yet  tne  confont* 
able  nature  of  the  two  groups  taken  in  the  mass  is  somewhik 
striking.  During  their  deposit,  great  and  remarkable  changa 
were  effected  in  animal  and  perhaps  vegetable  life ;  and  it  seemi 
somewhat  necessary  to  admit  that  considerable  differences  in  tin 
relative  levels  of  sea  and  land  were  produced  at  various  timo^ 
causing  changes  in  the  character  of  tne  inhabitants  of  the  seib 
from  variations  of  pressure  and  other  circumstances,  while  M 
small  difference  might  be  effected  from  the  filling  up  and  rise  if 
the  bottom. 

It  would  appear,  more  particularly  from  the  descriptions  d 
Humboldt,  that  very  extensive  tracts  of  red  sandstones  and  ooRr  I 
glomerates  exist  in  Mexico  and  South  America ;  how  far  the*  I 
may  be  of  contemporaneous  production  with  the  red  sandstoM  I 
series  of  Europe,  the  state  of  science  does  not  permit  us  very  m*  I 
tisfactorily  to  determine.  The  porphyries  and  slates  of  New 
Spain  are  surmounted  by  red  conglomerates  and  sandstonei, 
forming  the  plains  of  Celaya,  Salamanca,  and  Burras,  and  nq»- 
porting  a  hmestone  which  mineralogically  resembles  that  of  tM 
Jura.  The  conglomerates  contain  fragments  of  pre-existing 
rocks,  cemented  by  an  argillo-ferruginous,  and  yellowish  brown 
or  brick  red,  paste.  In  Venezuela,  the  vast  plains  are  in  a  greik 
measure  covered  by  red  sandstones  and  conglomerates,  with 
limestones  and  g3^sum ;  the  former  being  deposited  in  a  concars 
manner  between  the  coast  mountains  of  the  Caracas  and  the 
mountains  of  Parima,  resting  on  slates,  termed  transition,  on  die 
north,  while  on  the  south  they  repose  upon  granite.  This  arena- 
ceous deposit  is  covered,  at  Tisnao,  by  compact  whitish  gray 
limestone.  An  immense  extent  of  red  sandstone  is  described  ai 
"not  only  covering,  nearly  without  interruption,  tlie  southern 
plains  of  New  Grenada,  between  Mompox,  Mahates,  and  the 
mountains  of  Tolu,  and  Maria,  but  also  the  basin  of  the  Riodela 
Magdalena,  between  Teneriffe  and  Melgar,  and  that  of  the  Bio 
Cauca,  between  Carthago  and  Cali."  The  conglomerates  of  tfaii 
country  are  composed  of  angular  fragments  of  lydian  stone,  cUjT 
slate,  gneiss  and  quartz,  cemented  by  argillaceous  and  ferruginous 
matter.  These  conglomerates  alternate  with  schistose  and  quart- 
zose  sandstones*.    According  to  Humboldt,  the  Cordilleras  of 

*  Humboldt,  Gisement  des  Roches  dans  les  deux  Hemispbdies. 
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Dnito  presented  him  with  the  greatest  extent  of  red  sandstone 
rhich  ne  had  ohserved,  covering  the  whole  plateau  of  Tarqui  and 
Caen9a  for  twenty-five  leagues.  The  sandstone  is  generally  very 
Vgillaceous,  with  small  grains  of  slightly  rounded  quartz ;  hut  it 
iii  sometimes  schistose,  and  alternates  with  a  conglomerate  con- 
tuning  fragments  of  porph3rry  from  thre6  to  nine  inches  in  diame- 
ti|Hr.  The  same  author  considers  that  the  red  sandstone  of  Cuen9a 
dfo  occurs  in  High  Peru,  and  remarks  on  the  resemhlance  of 
lliese  rocks  of  New  Grenada,  Peru  and  Quito,  to  the  red  sandstone 
or  todtUegendee  of  Germany*. 

A  series  of  red  sandstones,  intermixed  with  conglomerates, 
oecuTS  extensively  in  Jamaica,  particularly  in  the  Port  Royal  and 
St  Andrew's  mountains,  stretching  thence  north-west  towards 
tte  north  side  of  the  island.  The  sandstone  is  generally  siliceous 
■id  compact,  intermixed  with  marly  red  sandstone  and  marl,  and, 
flMmgh  rarely,  with  g3rpsum  (Hope  Valley).  The  conglomerate  is 
Cirmed  of  pebhles  (from  an  inch  to  four  inches  in  (Sameter)  of 
mnite,  large-grained  greenstone,  sienite,  quartz,  homstone,  &c. 
Seds  of  a  gray  colour  are  intermixed  with  these  rocks,  and  sub- 
ttdinate  to  them  are  strata  of  compact  gray  limestone  and  of  shale, 
■Bd  schistose  sandstone  intermixed  with  coal.  The  higher  portion 
ef  the  mass  is  formed  of  a  conglomerate  in  a  great  measure  com- 
posed of  pieces  of  trap  rocks,  principally  porph3rry,  the  cementing 
auUter  being  most  frequently  reddish  brown  and  argillaceous,  va- 
sying  in  induration,  sometimes  so  obscure  that  the  pebbles  seem 
join^  by  a  trappean  cement.  Mixed  more  particularly  with  this 
Mpetior  portion  there  is  a  great  variety  of  trappean  rocks,  such  as 
iiaiite,  greenstone,  porph3aies,  &c.  appearing  as  if  an  upburst  of 
%neous  matter  had  accompanied  the  production  of  the  conglome- 
ntes.  The  red  conglomerates  and  sandstones  pass  beneath  into 
•  rock,  which  at  first  differs  from  them  only  in  colour,  and  finally 
presents  the  mineralogical  character  of  grauwacke.  The  aggre- 
gate thickness  of  the  whole  is  considerable,  amounting  to  several 
tiiousand  feet.  These  rocks  appear  to  me  the  equivalent  of  those 
named  red  sandstone  in  the  neighbouring  continent  of  America f. 

The  mere  mineralogical  resemblance  of  this  deposit,  in  America 
and  Jamaica,  with  the  sandstones  and  conglomerates  of  the  red 
sandstone  group  of  Europe,  is  in  itself  of  no  great  value,  and 
therefore  we  can  only  at  present  conclude  that  considerable  forces 
have  been  exerted  in  both  parts  of  the  world  (whether  contem- 
poraneous or  not  remains  to  be  determined),  which  have  dispersed 
fragments  of  pre-existmg  rocks,  scattermg  them,  most  probably 

*  Humboldt,  Gisement  des  Roches  dans  les  deux  Hemispheres. 

^  For  a  more  detailed  account  of  these  and  other  Jamaica  rocks,  with 
sections,  consult  my  Remarks  on  the  Geology  of  Jamaica,  Geol.  Trans., 
2nd  series,  vol.  ii. 

T  2 
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by  the  medium  of  water  violently  agitated,  in  various  dii 
the  transporting  powers  being  unequal,  so  that  sandstoi 
marls  alternate  with  conglomerates.  These  sandstones  a 
giomerates  would  appear,  from  the  descriptions  of  geolog; 
intelligent  travellers,  to  extend  from  Mexico  far  into  the 
North  America;  so  that  if  different  deposits  have  not  be 
founded  under  one  head,  as  might  easily  happen  in  EngL 
were  an  uncultivated  country  and  rapi^y  examined,  (the 
sandstone  of  English  geologists  being  confounded  wim  tt 
red  sandstone,)  these  sandstones  and  conglomerates  of  1 
would  appear  not  the  result  of  a  limited  disturbance,  but 
common  to  a  considerable  surface. 
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Section  VIII. 

CARBONIFEROUS  GROUP. 

V 

|lTN<F-Coal  measures,  Engl,  Auth.  (Terrain  HouiUer,  Fr.  Auth.  Stein- 
hfhleti'gebirge,  Germ.  Auth.).  Carboniferous  limestone,  Conyb. 
[Mountmn  limestone,  Engl.  Auth.  Calcaire  carbanifire,  Calcmre 
anthraxifire,  Calcaire  de  Transition,  Fr.  Auth.  Bergkalk,  Ueher- 
gangskdUc,  and  Neuere  Uehergangskalk,  Germ.  Auth.).  Old  red  sand- 
stone, Engl.  Auth.  (Gris  rouge  intermediare,  Fr.  Auth.  Jiingeres 
Grauwackengebirge,  Germ.  Audi.). 

Coal  Measures. 

These  are  composed  of  various  beds  of  sandstone,  shale,  and  coal, 
irregularly  interstratified,  and  in  some  countries  intermixed  with 
■onglomerates ;  the  whole  showing  a  mechanical  origin.  The 
•oal  measures  abound  in  vegetable  remains,  and  the  coal  itself  is 
^tow,  by  very  general  consent^  referred  to  a  vegetable  origin,  being 
considered  the  accumulation  of  an  immense  mass  of  plants.  It  is 
fcjr  no  means  uncommon  to  describe  the  coal  deposits  as  basins  ; 
tnt  it  may  be  doubted  how  far  this  term  is  generally  correct,  for 
admitting  that  many  accumulations  of  these  beds  have  been  de- 
posited within  depressions  of  the  surface,  it  woidd  by  no  means 
■eem  to  follow,  reasoning  at  least  from  the  mode  in  which  vege- 
table accumulations  are  now  formed,  that  all  coal  measures  have 
lieen  thus  produced.  Suppose  plants  to  be  carried  down  rivers, 
■Qch  as  now  happens  at  the  mouth  or  delta  of  the  Mississippi,  we 
•hould  ill  characterize  the  deposit,  by  the  term  basin-shaped, 
'^hich  would  seem  to  imply  a  hollow  or  depression,  bounded  by  a 
circumference  of  nearly  equal  elevation. 

Coal  varies  considerably  in  the  quantity  of  bitumen  it  contains, 
«id  is  more  or  less  valuable  for  economical  purposes  according  to 
the  admixture  of  this  substance.  The  quantity  of  coal  raised  in 
the  British  isles  is  very  considerable,  and  it  may  be  said  that  to 
this  substance  and  the  iron-ore  found  in  the  same  deposit,  Eng- 
land owes  a  great  part  of  her  commercial  prosperity;  for  to  the 
abundance  and  cheapness  of  both  these  substances  in  various  dis- 
tricts, we  are  indebted  for  a  large  proportion  of  our  manufactures, 
the  same  series  of  beds  not  only  mmishing  fuel  for  working  the 
steam-engines,  but  also  iron  for  their  construction. 

In  the  present  condition  of  the  coal  jneasures,  opportunities  of 
observing  desi^  seem  to  be  afforded  us,  even  when  these  rocks 
are  so  disposed  that  at  first  sight  such  design  does  not  appear 
Hry  obvious. 

The  accumulation  of.  vegetable  matter  at  a  lemoXA  crgciOEiVsL^^ 
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history  of  the  world,  for  the  consumption  of  creatures  which  sh 
afterwards  exist  on  its  surface,  must  strike  the  least  inquiring; 
when  the  upturned,  twisted,  and  shattered  strata,  so  commo 
the  districts  composed  of  the  coal  measures,  are  hefore  us,  di 
is  not  so  apparent,  more  particularly  when  the  miner  conuplai 
the  dislocations  (faults)  which  interrupt  his  progress  *.  We  o 
therefore  regard  this  apparent  con^ion  as  a  har  to  the  i 
nuity  and  industry  of  man  in  extracting  the  combustible  so  ▼ 
ble  to  him.  When,  however,  we  look  more  closely  into  thii 
ject,  we  find  that  the  shattered  and  contorted  condition  a 
rocks,  though  it  may  embarrass  mining  operations  for  a  tin 
in  realihr  highly  advantageous.  The  fractures,  termed  fS 
frequently  so  cross  each  other,  that  the  surface,  if  it  could  b 
amined  without  its  covering  of  vegetation  and  detritus,  woulc 
sent  much  the  same  appearance  on  the  great  scale,  as  the  ft 
surfaceof  a  lake  broken  to  pieces  and  reunited  by  subsequent: 
Masses  of  fractured  strata  are  thus  often  bounded  by  faults^ 
prevent  the  passage  of  subterraneous  waters  from  one  mase 
the  other ;  and  the  miners,  in  collieries  situated  in  one  parti 
mass,  have  only  to  contend  with  the  waters  in  it ;  whereas  i 
strata  were  always  horizontal,  imbroken,  and  continuous 
abundance  of  water  that  would  flow  into  the  workings  would  n 
them  so  difficult  and  expensive,  that  the  extraction  of  the 
must  be  abandoned  f. 

It  will  be  obvious  that  in  a  district  where  the  coal  measun 
greatly  contorted,  the  relative  position  of  strata  alone  would 
vent  the  abundant  percolation  of  water  from  one  situati< 
another. 

*  For  sections  of  faults  in  coal  measures,  see  Sections  and  ^ 
illustrative  of  Geological  Phenomena,  pi.  5.  6.  7. ;  GeoL  Trans.  21 
ries,  vol.  i.  pi.  32.  La  Richesse  Minerale,  by  M.  Heron  de  Villefosst 

f  It  should  be  observed,  that  though  the  two  sides  of  a  fault 
^ome  into  close  contact,  there  is  very  frequently  an  interposed  c 
substance  impervious  to  water,  and  it  rarely  happens  that  water  c 
one  side  passes  to  water  on  the  other,  so  as  to  form  a  continuou 
abundant  percolation  in  one  direction.  On  the  contrary,  the  wa 
commonly  thrown  out  along  the  line  of  the  fissure,  particularly  on  i 
tain  sides,  in  the  shape  of  springs, — often  good  guides  to  the  geoi 
not  only  in  tracing  faults  among  the  coal  measures,  but  in  other 
The  appearance  of  springs  along  lines  of  fault  is  what  we  should  ei 
for  not  only  do  they  act  as  main  drains  to  the  strata  which  they  tn 
but  as  Artesian  wells,  producing  the  same  effects  as  these  artifida 
forations.  For  supposing  faults  to  be  abundant,  in  countries  where 
sian  wells  are  now  so  valuable,  such  countries  would  possess  an 
dant  supply  of  water,  upon  the  same  principle  that  these  wells  ncr 
Knowing,  tiberefore,  that  faults  are  abundant  on  the  surface  of  our  p 
we  may  infer  that  no  inconsiderable  portion  of  water  is  conveyed  1^ 
to  that  sorface. 
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Organic  Remairu  of  tht  Coal  Mtantret. 

e  f(illo<iring  list  of  plants  discorered  foiul  in  the  coal  mea- 
i>  principally  compOed  from  the  labours  of  M.  Adolphe 

niart.     To  have  abridged  it  would  have  deprived  the  atu- 

lot  only  of  a  valuable  catalogue  of  localities,  but  alao  of  a 

il  idea  of  the  situationB  where  plants  of  a  similar  general 

iter  probably  existed.     The  names  of  the  plants,  when  not 

■ise  noticed,  are  thoae  assigned  by  M.  Ad.  Brongniart,  and 

:iUities  snch  as  are  given  by  the  same  author  from  his  own 

ations  and  the  works  of  Sternberg,  Schlotheim,  Artis,  and 

luthorities.} 

Equitetacete. 

ISGTDH  iTiftaidiiulifonae  (Bronn.),  Saar-         Fig.  »8. 

,  E.  dabium,  Wigan,  Lancashire. 

AUiTKs  Suckowii,  Newcasdej  Saarbruck; 

:  Wilkesbane,  Pennsylvania;  Blchinond, 

ia;  C. decoTotua,  Yorkshire;  Saarbruck; 

lulaiui,  Yorkshire  ;  Radnitz,  Bohemia ; 

lonu  (Artis),  Yorkshire;  Msimebach; 

1,    Germany ;    C.   crucialiis   (Stemb.), 
Saarbruck ;  C.  Cutii,  Montrelais ;  Saar- 

;  Wilkesbarre,  Pennsylvania;  C.  dubha 

),  Yorkshire ;  Zanes^TUe,  Ohio ;  C.  can- 
si*  (Fig.  88.),  Langeac,  Haute-Loire; 
Yorkshire ;     lUannebach ;     Wetlin ; 

a,   Germany ;  C.  Pathgderma,  St.  Eti- 

Ireland;  C.  nodoitu  (Schlot),  Newcas* 

e  Laidin,  Dordogne ;   C.  approxiiaatui 

b.),  Alais';  Uige;  St.  Edenne;  Kil- 

;  C.  Steinhaueri,  Yorkshire. 

EHOPlERia /urcato,  Newcastle  ;  Charle- 

lilesia ;   SaArfamck ;  Sp.  eUgata,  Wal- 

■g  in  Sileeia ;  Sp.  stricta  (Stemb.),  Nor- 

erland ;   Glasgow  ;    Sp,   arUmuiit/olia 

b.},  Newcastle ;  Sp.delicatula  (Stemb.), 

uck ;   Radnitz ;   Sp.   diatecta,  Montre-- 

St    Hippolyte,    Vosges;    Sp.    linearu 

t).),Swina,  Bohemia ;£tigl.;  Sp.Brardii, 

:din;  Sp.  irifaUolaia,  Anzin  nearValen- 

s;     Mons;     Silesia;    Yorkshire;     Sp. 

ieimit  (Stemb.),  Doutweiler  near  Saarbruck ;  Waldenburg 

reitenbach,  Silesia;  Sp.fragilii,  B[eiten\iitc\ii  Sp.  Hoennv^ 
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hausiiy  Newcastle  ;  Werden  ;  Sp,  Dubuissonis,  Montrelais ;  Sp,  i 
distans  (Stemb.),  Ilmenau,  Silesia ;  Sp,  gracilis,  Newcastle ;  Sp, 
latifolia  Newcastle;  Saarbruck;  Sp»  Firletii,  St.  Georges-Cbl- 
tellaison  ;  Sp,  Gravenhorstii,  Silesia  ;  Anglesea ;  Sp»  LoshUy  New- 
castle; Sp,  tenuifolia,  St.- Georges-Cb&teliaison ;  Sp.  rigida,Vf9!^ 
denburg ;  Sp,  acuta,  Werden ;  Sp,  trickomanoides,  Anzin ;  Sf> 
tenella,  Yorkshire  ;  Sp,  alata,  Geislautem. 

Cyclopteris  orbicularis,  St.  Etienne ;  Li6ge ;  C,  trichomanoiieSf 
St.  Etienne ;  C,  obliqua,  Yorkshire. 

Nevropteris  acuminata,  Klein-Schmalkalden  (Schlot) ;  N,  Vdr 
liersii,  Alais,  Gard ;  N.  rotundifolia,  Plessis,  Calvados ;  Yorkshire;; 
N,  Loshii,  Newcastle ;  Anzin ;  Li^ge ;  Wilkesbarre ;  N,  tenuifo6$ 
(Sternb.), Saarbruck ;  Miereschau;  Bohemia;  Waldenburg,Siletia: 
Montrelais;  JV.  heterophylla,  Saarbruck;  Valenciennes;  Ne»» 
castle ;  N,  flexuosa  (Sternb.),  Environs  of  Bath ;  Saarbrud[, 
(Stemb.)  ;  N,  gigantea  (Stemb.)  Saarbruck ;  N,  oblongata,  Pud* 
ton,  Somerset ;  N.  cordata,  Alais ;  St.  Etienne ;  N,  Scheuchxm 
(Hoifraann),  England ;  Osnabruck;  Wilkesbarre ;  N,  angustifoHa, 
Env.  of  Bath;  Wilkesbarre;  N,  acutifolia,  En  v.  of  Bath  ;  Wilkes 
barre ;  N.  crenulata,  Saarbruck ;  N,  macrophyUa,  Dunkertoi^ 
Somerset ;  N,  auriadata,  St.  Etienne. 

Pecopteris  blechnoides,  Werden  near  Dusseldorf ;    St  Priesl^ 
Loire;  P,  Candolliana,  Alais,  Gard;  P,  cyathea,  St.  Etienne; 
P.  arbor escens,   St.  Etienne ;   Aubin,   Aveyron  ;    Anzin ;   Man- 
nebach;  P,  platyrachis,  St.  Etienne;    P,  polymorpha,   St  Eti- 
enne ;    Alais ;   Litry ;   Wilkesbarre ;   P,   Oreopteridis   (Stemb.), 
Le  Lardin  ;  Mannebach ;  Wettin  (Schlot.)  ;  P,  Bucklandi,  Env. 
of  Bath ;  P,  aquilina,  (Stemb.),  Mannebach  and  Wettin  (Schlot); 
P.  Schlotheimii,  Mannebach  (Schlot.)  ;  Geislautem ;  P.  pteroides, 
Mannebach;   Aubin;  P,  Davreuxii,  Li6ge;   Valenciennes;  P, 
Mantelli,  Newcastle;    Li^ge;    P,  conchitica,  Newcastle;    Saa^ 
bruck;  Silesia;  Namur;    P,  Serlii,  Env.  of  Bath;   St.  Etienne; 
Geislautem ;  Wilkesbarre ;   P,  Qrandini,  Geislautem ;  P.  cremh 
lata,  Geislautem ;  P,  marginata,  Alais ;  P,  gigantea,  Abasche^ 
hiitte  ;   Treves ;    Saarbmck ;    Li^ge ;   Wilkesbarre ;   P.  nervosa, 
Wales;  Waldenburg;  Rolduc;  Li^ge ;  P,  obliqua,  Valenciennes; 
P,  Brardii,  Le  Lardin ;  P,  Defrancii,  Saarbruck ;  P,  ovata,  St 
Etienne ;  P.  Plukenetii,  Alais ;  St.  Etienne  ;  P,  arguta  (Stemb.); 
St  Etienne  ;   Saarbmck  (Schlot)  ;   Rhode  Island,  United  States; 
P,  cristata,    Saarbmck;    P,  aspera,     Montrelais;    P,  MiUom 
(Artis)  ;  Yorkshire ;   Saarbmck ;    P,  abbreviaia,   Valenciennes; 
P,  microphyUa,  Saarbmck  ;  P,  cequalis,  Fresnes  and  Vieus-Condfc 
near  Valenciennes;   Silesia;    P,  acuta,   Saarbmck;    Ronchamp, 
Haute  Saone ;   P,  unita,  Geislautem ;   St.  Etienne ;  P,  debilu^ 
Ronchamp;  P,  dentata,  Valenciennes;   Doutweiler;  P.  angwh 
tissima  (Stemb.),  Swina,  Bohemia ;  Saarbmck ;  P,  gracUU,  Geit- 
lantexn;  Valenciennes ;  P.  pinn(EformU,¥xwaft%and  Vieuz-Cond6; 
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Saaibruck ;  P,  triangularis,  Fresnes  and  Vieux-Conde ;  P.  pec- 
ttM^Geislautem;  P,plumosa,  Saarbruck;  Valenciennes ;  York- 
jdiire  (Artis)*. 

LoNCHOPTERXs  DoumaisHf  Valenciennes. 

Odontopteris  Brardii,  Le  Lardin  and  Terrasson,  Dordogne ; 
StEtienne;  0.  crenatula,Tenasson;  0,  minor ,  Le  Lardin  ;  St. 
Etienne;  0,  obtusa,  Terrasson;  0.  Schlotheimiiy  Mannebach ; 
Wetdn. 

ScHXzoPTERis  anomala,  Saarbruck. 

SioiLLARiA  punctata,  Bobemia ;  S,  appendiculata,  Bohemia ; 
Toriuhire;  S,  peltiger a,  Alais;  S.  liBvis,  Li^ge ;  S,  canalictilata, 
Sttrbruck;  iS*.  Cor^ei,  Essen;  S,  elongata,  Cnarleroi;  Li%e;  S, 
rmi^orviw,  Mons;  Essen;  S.  Hippocrepis, 'Mjons ;  S,  Davreuxii, 
Lifoe;  S.  CandoUiiy  Alais;  S,  oculata,  Bohemia;  S. orbicularis, 
8t£tlenne;  Saarbruck;  S,  tessellata,  Env.  of  Bath;  Alais;  Esch- 
mler ;  Wilkesbarre ;  ^S*.  Boblayi,  Anzin ;  ^S*.  Knorrii,  Saarbruck ; 
9.  eUiptica,  St.  Etienne ;  S.  transversalis,  Eschweiler  near  Aix-la- 
€3iapelle ;  S,  suhrotunda,  Doutweiler  near  Saarbruck ;  ^S*.  cuspi- 
iata,  St.  Etienne;  ^S*.  notata,  Saarbruck;  Silesia;  Li^ge;  ^S*.  Dour- 
luttsii,  Charleroi;  Valenciennes;  ^S*.  trigona,  Radnitz,  Bohemia 
(Stemb.);  S,  mammillaris,  Charleroi;  S. alveolaris,  Saarbruck; 
S.  hexagofia,  Eschweiler ;  Bochum ;  ^S*.  elegans,  Bochum ;  S\ 
Brarda,  Terrasson ;  S.  Itevigata,  Montrelais ;  S,  Serlii,  Paiilton, 
Somerset 

MarsilliaceiB, 

Sphenophyllum  Schlotheimii,  Waldenburg,  Silesia ;  Sph,  emar- 
ginatum,  Env.  of  Bath  ;  Wilkesbarre ;  Sph,  truncatum,  Somerset- 
diire ;  Sph.  dentatum,  Newcastle ;  Anzin ;  Geislautem ;  iSjp^.  qua- 
drifdum,  Terrasson ;  Sph,  dissectum,  Montrelais. 

Lycopodiacea. 

LYCoroDiTEa piniformis,  Saxe-Gotha;  St  Etienne;  Z.  Graven- 
horstU,  Silesia;  L,  Hoeninghausii,  Eisleben;  Z.  imbricatus,  St. 
Geoiges-Ch&tellaison ;  Z.  phlegmarioides,  Newcastle ;  Silesia ; 
L,  tenuifolius,  St.  Georges-Ch&tellaison,  Z.  ?  Jiliciformis,  Wcttin ; 
L,?  affinis,  Wettin. 

Selaoinites  patens,  Edinburgh ;  S,  erectus,  Mont  Jean  near 
Aogers. 

•  To  this  list  should  be  added  the  other  species  enumerated  by  Count 
Sternberg,  which  however  may,  as  M.  Ad.  Brongniart  remarks,  be  the 
Mttne  with  some  of  those  above  enumerated.  Pecopteris  orbiculata, 
Swina,  Bohemia;  P.  discreta,  Swlna;  P.  cordata,  Swina;  P.  varians, 
Swina;  P.  ohtusatOt  Radnitz,  Bphemia;  P.  undidata,  Radnitz;  P.  re- 
panda,  Radnitz  ;  P.  antiqua,  Radnitz ;  P.  crenata,  Minitz,  Bohemia ; 
P.  elegans,  Schatzlar,  Bohemia ;  P.  incisa,  Waldenburg,  Silesia ;  Schati- 
lar;  PmdMa,  Bohemia. 

T5 
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Lepidodendron  selaginoidesy  Bohemia ;  Silesia ;  Lep,  eUgtrnt^ 
Swina,  Bohemia ;  Lep,  Buckldndi,  Colebrookdale ;  Lep.  OpJmnUf 
Newcastle;  Charleroi;  Lep,  rugosumf  Charleroi;  Valendeimes; 
Lep,  Underwoodii,  Anglesea;  Lep.  taxifolium,  Ilmenau;  Ltf* 
insigne,  St.  Ingbert,  Bavaria;  Lep,  Stemhergii,  Swina;  Lep,loiih 
gifolium,  Swina ;  Lep.  ornatissimum  (Stemb.),  Edinburgh ;  York- 
shire ;  Silesia ;  Lep.  tetragonum  (Stemb.),  Newcastle ;  Lep,  w- 
nosum,  Waldenburg ;  Lep.  transversum,  Glasgow ;  Lep.  VoUcwum" 
nianum  (Sternb.),  Silesia ;  Lep,  Rhodianum  (Stemb.),  Torkihire ; 
Valenciennes ;  Silesia ;  Lep,  cordatum,  Durham ;  Lep,  obovatum 
(Stemb.),  Radnitz,  Bohemia ;  Silesia ;  Fresnes  and  Vieux-ConcK; 
Lep,  dMum,  Newcastle;  Lep.  heve^  county  of  La  Marck;  Lef, 
pulchellumf  Alais ;  Li^ge ;  Lep.  aslatuniy  Yorkshire ;  Lep,  tfth 
rians,  Saarbruck ;  Wilkesbarre ;  Lep.  carinatum,  Montrelais ;  St 
Georges-Chdtellaison ;  Lep,  crenatum  (Stemh.),  Bohemia;  Esch- 
weiler ;  Essen ;  Zanesville ;  Lep.  aculeatum  (Stemb.),  Essen;  Bo- 
hemia ;  Silesia ;  Wilkesbarre ;  Lep.  distam,  St.  Etienne ;  Lep. 
laricinum  (Stemb.),  Bohemia;  Silesia;  Lep.  rimosum  (Sterab.), 
Bohemia ;  Lep.  undulatum  (Stemb.),  Bohemia ;  Lep.  confluent 
(Stemb.),  Silesia;  Eschweiler;  Lep.  imbricatum  (Stemb.),  Esch- 
weiler,  Wettin;  Lep.  majus,  Geislautem;  Lep,  UmceoUsha^ 
Montrelais;  Lep.  Boblayi,  Valenciennes;  Lep,  trinerve,  Mon- 
trelais ;  Lep.  lineare,  Alais ;  Lep.  omatum,  Shropshire ;  Lep.  toi- 
dulatum,  England ;  Lep.  emarginatum,  Yorkshire. 

Cardiocarpon  majusj  St.  Etienne;  Langeac;  C,  Pomteriy 
Langeac ;  C,  cordiforme^  Langeac ;  C.  ovatum,  Langeac ;  C.  aeu- 
turn,  Langeac. 

Stigmaria  re^ici^/a^a,  England ;  S.  WeltheimianafMsLgdehviig\ 
S.  intermedia^  St.  Georges-Chatellaison ;  Montrelais;  Wilkes- 
barre; S.  Jicoides,  St.  Georges-Chatellaison;  Montrelais;  St 
Etienne;  Li6ge;  Charleroi;  Valenciennes;  Muhlheim  near  Dus- 
seldorf;  Dudley;  Silesia;  Bavaria;  S.  tuberculosa,  Montrelais; 
Wilkesbarre ;  S.  rigida,  Anzin  near  Valenciennes ;  S.  minima, 
Anglesea;  Charleroi. 

Palmtg. 

Flabellaria?  borassifolia,  Swina. 
N(EGGERATHiA/o/so«a,  Bohemia. 

Cannes. 
Cannophyllites  Virletiiy  St.  Georges-Chatellaison. 

Monocotyledons  of  uncertain  families. — Stembergia  angiikta, 
Yorkshire ;  St,  approximata,  Langeac,  St.  Etienne ;  St,  distau, 
Edinburgh:  Poaci^e^  ^^tia/»,  Terrasson ;  P.  striata,  Terrasson: 
Trigonocarpum  Parkinsoni,  England  and  Scotland;  TV.  Neeg' 
(^erathiif  Langeac,  coal  measures  near  the  Rhine ;  TV.  owUnm, 
Langeac;  Tr,  cyUndrvium,  Langeac  *.  Musocar^^uia  ^^rimuUieimi 


Orgame  Bemaim  of  the  Coal  Meaavarei,  419 

Langeac ;  3f.  difforme,  Langeac ;  M.  contracium,  Oldham,  Lan- 
eaamre. 


Vegetables  of  which  the  class  is  uncertain. — Atmularia  minuta, 
Terrasson;  A.  brevifoUa,  Alais;  Geislautern;  A^fertUis,  £nv.  of 
Bath;  St  Etienne;  Wilkesbarre;  A.  ilorihunday  Saarbruck 
(Stemb.) ;  A,  longifoliay  £nv.  of  Bath;  Geislautern ;  Silesia;  Alais ; 
Wilkesbarre ;  {var.)  Charleroi ;  Terrasson ;  A,  spinulosa,  Saxony 
(Stemb.)  ;  A,  radiata,  Saarbruck :  Asterophyllites  equketiformis, 
Mannebach ;  Saxony ;  Rhode  Island ;  As,  rigida,  Alais ;  Valen- 
ciennes ;  Charleroi ;  Bohemia ;  As,  hippuroides,  Alais ;  As,  longi- 
foUoy  Eschweiler  (Stemb.);  As,  tenuifoliaf  Newcastle;  Silesia; 
As,  deUcatula,  Charleroi ;  Anzin ;  As,  Brardii,  Terrasson ;  As, 
dijfusa^  Radnitz :  Volkmannia  polystachya,  W^denburg  in  Sile- 
sia ;  V,  distachga,  Swina ;  F,  erosa,  Terrasson  *. 

CONCHIFERA  f. 

1.  Pentamems  Knightii,  Sow,    Between  the  Coal  Measures  and 

Inf.  Rocks,  Bochum,  Hoen, 
1.  Lingula  striata,         .     Werden,  Hoen, 
1.  Vulsella  elongata,  Blain,    Werden,  Hoen, 
2. brevis,  Blain,    Werden,  Hoen, 

1.  Pecten  papyraceus,  Sow,    Werden,  Hoen,  /  Bradford,  HaU- 

stone, 

2,  dissimilis,  Flem,    Locality  not  stated. 

1.  Mytilus  crassus,  Flem,    Scotland,  Flem,;  Werden?  Hoen, 
1.  Unio  acutus,  Sow,  ?    Tanne  near  Bochum,  Hoen, 

*  Whether  or  not  certdn  of  the  coal  strata  of  N.  America  be  precisely 
identical  with  those  of  Europe,  or  may,  like  some  in  Ireland  described 
by  Mr.  Weaver,  be  of  the  grauwacke  series,  it  appears  that  many  of  the 
tame  plants  are  found,  according  to  the  foregoing  list,  in  both  Europe 
and  America.  These  are :  Calamites  3  species,  Nevropteris  3,  Pecopte- 
ris  4,  Sigillaria  1,  Sphenophyllum  1,  Lepidodendron  3,  Stigmaria2,  An- 
nularia  2,  Asterophyllites  1. 

Vegetables  discovered  as  yet  only  in  America. — Nevropteris  Cistii, 
Wilkesbarre ;  N.  Grangeri,  Zanesville ;  N,  macrophyllaf  Wilkesbarre : 
SigiUaria  Cistii,  Wilkesbarre;  S,  rugosa,  Wilkesbarre;  S,  SiUimanni, 
Wilkesbarre ;  S,  obliquOf  Wilkesbarre ;  jS^.  dubia,  Wilkesbarre  :  Lycopo- 
dites  Sillimannif  Hadley,  Connecticut:  Lepidodendron  mammillaref 
Wilkesbarre ;  Lep,  Cistii^  Wilkesbarre :  Poacites  lanceolata,  Zanesville. 
Peeopteris  punctulata,  discovered  at  Wilkesbarre,  is,  according  to  M. 
Ad.  Brongniart,  found  at  the  Montagne  des  Rousses,  in  Oisdns. 

f  How  far  all  the  marine  remains  noticed  in  this  list  may  be  really 
discovered  in  the  body  of  the  coal  measures,  and  not  in  the  alternations 
with  the  inferior  rocks,  may  perhaps  be  questionable ;  some  of  them  seem 
certainly  to  occur  in  the  body  of  ib.e  coal  measures. 
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2.  Unio  Urii,  Flem.    Ruther^en,  Scotl.,  FUm. 

1.  Nucula  attenuata,  Flem,     Kutherglen,  Flem, 

2.  gibbosa,  Flem,    Rutherglen,  Flem, 

I.  Saxicava  Blainvillii,  Hcen,    Nieder-Stauffenbach  near  CtMd^ 

Hceu, 
1.  Hyatella  carbonaria^        .    Nieder-Stauffenbacb,  Hixm. 

1.  My  a?  tellinaria,        .     Luttich,  jETcen. 

2.  ?  ventricosai        .     Liittich,  Hcen, 

3.  ?  minuta,        .    Camerberg  near  Ilmenau,  Hoen, 

M0LLUSCA>» 

1.  Euomphalus  pei^angularis.  Sow,    Werden,  Hem, 

1.  Turritella  Urii,  Fkm,    Rutherglen,  Scotl.,  Flem, 

2,  — ^-^—  elongata,  Flem,    Rutherglen,  Flem, 

\,  Bellerophon  decussatus,  Flem,    Linlithgowshire,  Flem, 

2.  striatus,  Flem,    Linlithgowshire,  Flem. 

1«  Orthoceratites  Steinhaueri,  Sow,     Coal  Measure  Limestone, 

Choquier  near  Liittich,  Hoen, ;  Yorkshire, 
Sow, 

2. cylindraceus,  Flem,    Linlithgowshire,  Flem, 

3.  — — ^—  attenuatus,  Flem,     Linlithgowshire,  Flem, 

4.  sulcatus,  Flem,    Linlithgowshire,  Flem, 

5.  undatus,  Flem,    Linlit^owshire,  FUm, 

Nautilus? .  Bituminous  Shale,  Werden,  Hoen, 

1.  Ammonites  Listeri  ♦,  Aycm;.   Bit.  Shale,  Werden,  ZTcew.;  York- 

shire, Steinhauer ;  Li6ge ;  Melin,  Munst, 

2.  primordialis.  Sow,    Bit.  Shale,  Werden,  Hen. 

3.  sacer,         .     Liittich,  ffcen, 

4.  subcrenatus,  Schlot,    Werden,  Munst. 

5.  Diadema,  Haan,     Choquier,  Munst, 

6.  sphaericua.  Sow,     Choquier,  Munst. 

Pisces. 

Ichthyodorulites,  Buchl,  8f  De  la  B,    Shale,  Felling  CoDierjf 

Durham,  Taylor;  Rutherglen,  Ure ;  Sun- 
derland, Sow, 

Fish  palates.  Coal.    Tong,  near  Leeds,  George  f. 

Carboniferous  Limestone, 

This  rock  in  the  South  of  England,  Wales,  the  North  of  France, 
and  Belgium,  seems  to  possess  a  somewhat  similar  general  chft- 
racter,  being  a  compact  limestone,  frequently  traversed  by  veins 
of  calcareous  spar,  at  times  appearing  to  be  in  a  great  measuxe 

*  Considered  the  same  with  Ammonites  subcrenatusy  Schlot  by  H« 
Hceninghaus. 
f  Zoological  Journal,  vol.  u.  ^\.  ^.  ^%.  2. 
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)mposed  of  organic  remains,  while  at  others  not  a  trace  of  these 
smains  can  he  ohserved.  The  colours  are  mostly  gray,  varying  hi 
itensity  of  shade ;  other  tints  are  however  ohserved  in  it,  and  in 
iitain  situations  it  affords  ^ood  marhle.  It  is  occasionally  of  an 
olitic  structure,  as  near  Bristol;  and  sometimes  contains  parts  of 
Qcrinital  columns  in  such  ahundance,  that  the  rock  is  in  a  great 
leasure  made  up  of  them,  whence  the  name  Encrinal  limestone. 
t  has  idso  heen  known  hy  the  name  of  Metalliferous  limestone^  fai 
onsequence  of  the  quantity  of  lead  ore  ohtained  from  it,  more 
particularly  in  the  central  and  northern  parts  of  our  island. 

Organic  Remains  of  the  Carboniferous  Limestone. 

ZoOPHTTA. 

• 
1.  MOlepora  madreporiformis,  Wahl.     Gottland  ♦,  A. 

2. cer\'icomi8,  Linn.     Gottland,  A. 

3. repens,  Wahl.     Gottland,  A. 

4. ?  foliacea,  Wahl.     Gottland,  A. 

5. ?  Retepora,  Wahl.    Gottland,  A. 

1.  Cellepora  Urii,  Flem.     Rutherglen,  Flem. 
1.  Retepora  elongata,  Flem.    Rutherglen,  Flem. 
i.  Caryophyllia  stellaris,  Linn.     Gottland,  A. 
2. articvdata,  Wahl.     Gottland,  A. 

3.  -— —  truncata,  Linn.     Gottland,  A. 

4.  • .  duplicata,        .     Derbyshire,  Mart. 

5.  — —  amnis,        .    Derbyshire,  Mart. 

6.  juncea,  Flem.    Rutherglen,  Flem, 
1.  Fungites  patellaris.  Lam,    Gottland,  A, 

2. deformis,  Schlot.    Gottland,  A. 

I.  Turhinoiia  turbinata,  Linn.     Gottland,  A, 

2. echinata,  Hisinger.     Gottland,  A, 

3.  — P3n-amidalis,  Hisinger.     Gottland,  A. 

4. mitrata,  Schlot.    Gottland,  A, 

5. furcata,  Hisinger.    Gottland,  A. 

I.  Cyathophyllum  excentricum,  Goldf.    Ratingen  near  Dussel- 

dorf,  Goldf. 
Meandrina,  sp.  not  determined.    Vishy,  Gottland,  A, 

1.  Astrea  interstincta,  Wahl.    Gottland,^. 

2.  undulata,        .    Bristol,  Park. 

1.  Catenipora  escharoides,  Zam.     Gottland,^. 

2,  axillaris.  Lam,    Gottland,  A. 

3. Strues,  Wahl,    Gottland,  A. 

4,  serpvda,  Wahl,    Gottland,  A. 

*  It  may  perhaps  be  questionable  whether  the  limestone  of  this  lo* 
ality  be  really  equivalent  to  that  under  consideradon.  M.  Hisinger 
onsiders  it  as  such;  therefore  the  organic  remains  found  in  it  may  fin: 
onyenience  be  here  enumerated. 
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5.  Catenipora  fascicularis,  WM,    Gottland,  A. 

1.  Tupipora  tubularia,  Lam.    Theux  near  Li^ge,  Ah  Brong. 

1.  Syringopora   caespitosa,    Gold/.       PaSrath    near   Cologne, 

Goldf. 
1.  Calamopora  polymorpha,  Goldf.    Namur;  Pafirath,  GoUf. 

1.  Favosites  Gothlandica,  Lam,    Gottland,   A.;  Dublin,  Al 

Brong. 

2.  Alcyonium,  Defr.    Gottland,  A. 

3.  septosus,  Flem.    Scotland,  Flem. 

4.  = depressus,  Fkm.     Scotland,  FUm. 

1.  Lithostrotion  striatum,         .     Wales,  Park. 

2.  florifonne.  Mart.    Bristol,  Woodward. 

3^  marginatum,  Flem.     Scotland,  Flem. 

1.  Amplexus    coralloides.   Sow.      King's  County;    Limerick, 

Weav. 
Polypifers,  genera  undetermined.     Vety  numerous  in  tbe 
British  Isles. 

Radiaria. 

1 .  Pentremites  Derbiensis,  Sow.    Derbyshire,  Watson. 

2.  ellipticus.  Sow.    Preston,  Lancashire,  Keny(M. 

3. ovalis,  Goldf.    Ratingen,  Dusseldorf,  GoUf. 

3.  Poteriocrinites  crassus,  iifi^er.  Somerset;  Yorkshire,  Miller^ 
2.  tenuis.    Miller.       Menip    Hills;    Bristol, 

MiUer. 

1.  Platycrinites  laevis,  ilft//er.    Dublin;  Bristol,  ilft%r;  Ratin- 

gen; Namur,  Goldf. 

2.  '         rugosus.  Miller.    Mendip  Hills ;  Caldy  Island, 

Miller. 

3.  tuberculatus.  Miller.    Mendip  Hills,  MiUer, 

4.  M  granulatus,  Miller.    Mendip  HiUs,  MiUer. 

5.  striatus.  Miller,    Bristol,  Miller. 

6.  •  pentangularis.  Miller.    Mendip  Hills;  Bristol 

Miller. 

7.  depressus,  Goldf.    Ratingen,  Goldf. 

1.  Actinocrinites  triacontadactylus,  Jl/t//er.  Yorksmre;  Bristol; 

Mendip  Hills,  Miller. 

2.  » polydactylus,   Mendip  HiUs;    Caldy  Island, 

Miller. 

3.  ■  laevis.  Miller.    Ratingen,  Goldf. 

4.  graniilatus,  Goldf,    Ratingen,  Goldf. 

5.  tesseratus,  Goldf.    Schweln,  Goldf. 

1.  Melocrinites  hieroglyphicus,   Goldf     Stellberg,  Aix-la-Chf 

peUe,  Goldf. 
1.  Rhodocrinites  verus.  Miller.    Bristol;  Mendip  Hills,  MiOtf- 
1.  Cyathocrinites  planus,  Miller.    Clevedon,  Bristol,  Miller* 
2,  qumqviBgigQVttn&a  MiUer.    ^xistol^  A/iflrr. 
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Annulata. 

1.  Serpula  Lithuus,  Sehlot,    Klinteberg,  Gottland,  A. 

2,  ■  -  compressa,  Sow,    Lothian. 

MOLLUSCA. 

1.  Pentameros  Aylesfordii,  Sow,     Colebrooke  Dale,  Farey. 

2.  Knightii,  Sow.    Downton,  Croft  Arbery,  Park. 

?3.  laevis,  •S'ot<;.     Shropshii'e,  ^tA:m. 

1.  Spirifer  ambiguus,    Sow,      Ratingen,    Horn,;    Derbyshire, 

WaUon, 

2.  bisulcatus,  Sow,    YisiyHoen,;  Dublin,  <9oe(;.;  Liege, 

Dum, 
Z, glaber,  Sow.    Ratingen,  Ham,;  Derbyshire,  Martin; 

Ireland,  Sow,;  Li^ge,  Dum. 
4. oblatus,  Sow.    Vis6,  Hosn, ;  Derbyshire ;  Flintshire, 

Farey. 

5.  obtusus.  Sow,    Ratingen,  ^{FTi.;  Yorkshire,  DttcAre^ 

6. pinguis.  Sow.    Dublin,  Sow, ;  Li6ge,  Dum. 

7. plicatus,  ffoBti.    Ratingen,  Hoen. 

8.  rotundatus.  Sow.    Limerick,  Wright;  Vis6,  ffoeti, 

9.  trigonalis*.   Sow,    Ratingen,  Vis6,  Hoen.;  Derby- 

shire, Martin;  Rutherglen,  Flem, 

to. triangularis.  Sow,    Derbyshire,  Martin, 

11. striatus.    Sow.     Derbyshire,    Martin;  Namur,  AL 

Brong.;  Li6ge,  Dum, 

12. attenuatus.  Sow,    Dublin,  Sow,;  Li^ge,  Dum. 

13. •  distans.  Sow.    Dublin,  Sow. 

14. resupinatus,  Sow,    Derbyshire,  Martin;  Rutherglen, 

Flem, 
15. Martini,  Sow,    Derbyshire,  Sow, 

16.  Urii,  Fiem.     Rutherglen,  Ure. 

17.  exaratus,  Flem.    West  Lothian,  Flem, 

18.  cuspidatus,  ^S'oti;.  Bristol,  ^eeA:e  ;  Derbyshire,  ilfar^tn. 

19.  minimus.  Sow,    Derbyshire,  Watson, 

20.  octoplicatus.  Sow,    Derbyshire,  Martin. 

1.  Terebratula  acuminata.  Sow,    Ratingen,  Hobu,  ;  Yorkshire ; 

Derbyshire,  Sow,;  Rumerglen,  Flem,;  (var.) 
Clitheroe,  Lancashire,  Stokes;  (var.)  Ireland, 
Sow, 

2.  crumena,  Sow.   Vis€,  Hoen, ;  Derbyshire,  Martin. 

^.  ..  hastata.  Sow.     Vis§,  Hoen. ;  Dublin;   Limerick, 

Wright;  Bristol,  aS'ou;. 

*  Producta  trigonalisy  Deshayes.  According  to  the  same  author  the 
Sftnus  Spirifer  should  be  suppressed,  the  species  composing  it  being 
■deferable  either  to  Terebratula  or  Producta. 
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4.  Terebratula  laevigata,  ScMot,    Vis^,  Norway,  Hcen. 

5.  ■ — -  monticulatay  Schht,    Vis6,  Hoen. 

6.  *  resupinatay  Sow.    Ratingen,  Hosn. ;  Derbysbize, 

Martin, 

7.  ' —  vestita  (var.),  Schht.    Vis^,  Horn. 

8.  cuneata,  Dalman,     Isle  of  Gotdand,  A, 

9.  —  diodonta,  Dalman.    Isle  of  Gottland,  A, 

10.  bidentata,  Hiainger,    Djupviken,  Gottland,  A. 

11.  ■  marginalis,  Dalman,     Klinteberg,  Gottland,  <^* 

12.  didyma,  Dalman,     Isle  of  Gottland,  y^. 

13.  ■  affinis,  Sow,    Derbyshire,  Jl/ar^m;  Li6ge,Z)im. 

14.  ?  lineata,  ^S'oz^.    Derbyshire,  ilfar/t«  ;  Li^ge,  Z)«m. 

15.  ? imbricata,  Sow,    Derbyshire;   Yorkshire,  Sw,', 

Li6ge,  Dum. 

16.  Sacciuus,  •S'oet;.     Derbyshire,  ilfar^;  Ruthergleo, 

Flem, 

17.  ^  lateralis,  Sow,    Dublin,  Moore, 

18.  Wilsoni,  S<yw.    Mordeford,  E.  S.E.  of  Hereford, 

Sow,;  Li^ge,  Dum, 

19.  —  Mantiae,  Sow,     Ireland,  Sow, 

20.  cordiformis.  Sow,     Ireland,  Sow, 

21 .  platyloba.  Sow,    Clitheroe,  Stokes, 

22.  Pugnus,  Sow,    Derbyshire,  Martin ;  Ireland,  Sov* 

28.  . — . Fimbria,  Sow,     Gloucestershire,  Taylor, 

24.  reniformis,  Sow,     Dublin,  Sow, 

2,5.  lateralis,  Sow,     Dublin,  Weav, 

1.  Crania  prisca, -ffojw.     Ratingen,  j&icPTi. 

1.  Producta  antiquata.  Sow.    Vis^;  Ratingen,  Hoen,;  Derby- 

shire, Sow, ;  Cloghran,  Dublin,  Htimphreyt, 

2.  —  comoides.  Sow,  Vis6 ;  Ratingen,  Hosn, ;  Llangevenv 

Anglesea,  Farey, 

3.  concinna.    Sow,     Vis6 ;    Ratingen,   Hosn, ;  Derby- 

shire ;   Yorkshire,  Sow. 

4. fimbriata.   Sow,      Vis6;    Ratingen,  Hoen,;    Derby- 

sliire,  Stokes, 

5.  fornicata.     Ratingen,  Hoen, 

6.  hemisphserica,  jS^02i>.     Ratingen,  ^cen. ;  Caennartben- 

shire,  Taylor;  Li€ge,  Dum, 

7.  humerosa.  Sow,    Ratingen,  Hoen, 

8.  latissima, •9(m'.     Ratingen;  Vis6,  Hoen,;  Tydmavr, 

Anglesea,  Farey ;  Li6ge,  Dum, 

9.  lobata,  Sow,    Ratingen ;  Vis6,  Hoen, ;  Northumber- 

land;   Derbyshire,   Sow,;  Arran,  Leach;  Li^g«» 
Dum, 

10.  Martini,  Sow,    Ratingen;  Yis^, Hoen, ;  Derbyshire* 

Martin ;  Yorkshire,  Danhy;  Li^ge,  Dum. 
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.  ProdactapersonatayiSbf&.  Ratingen,Zra?it.;  Derbyshire^  Ken- 
dal, Sow, 

I. plicatilis,  Sow.   Ratmgen ;  Vis6,  Horn, ;  Derbyshire, 

Stokes;  Li%e,  Dum. 

'.  punctata,  Sow.   Vis6 ;  Ratingen,  Ham. ;  Derbyshire, 

Martin;  Rutherglen, /Tern. ;  lAigBy  Dum. 

.  rugosa,        .    Vis^,  Hcen. 

:  '  sarcinulata,        .    Vis6,  Ham, 

.  '  spinulosa,  Sow,  Ratingen ;  Vis6,  Ham. ;  Linlith- 
gowshire, Flem. 

'.  sulcata,  Sow,  Vis6,  Hcen.;  Derbyshire, -S'o/^ ;  Li6ge, 

Dum. 

'<.  transversa,        .     Vis6,  Hoen, 

.  Flemingii,  Sow.  Rutherglen,  Ure ;  Linlithgow,  Flem. 

•.  longispina  ♦,  Sow.    Linlithgow,  Flem. 

.  ■  crassa,  Flem.    Derbyshire,  Martin. 

\.  aculeata,  Sow.    Derbyshire,  Martin. 

\. scabricula.  Sow*     Derbyshire,  Martin ;   Vizet,  AU 

Brong,;  Li^ge,  Dum. 

t.  spinosa,  Sow.    Scotland,  Flem. 

>.  Scotica,  Sow.    Scotland,  Flem. ;  Li6ge,  Al.  Brong, 

).  gigantea.  Sow,    Derbyshire,  Martin;  Yorks.,  Sow. 

f.  costata.  Sow.    Glasgow,  Murch.  f 

*  Considered  the  same  with  P.  Flemingii  by  Dr.  Fleming. 

t  The  Swedish  naturalists  having  established  divisions  in  the  Tere- 

atulite  family  (including  Producta  and  Spirifer)  different  from  those 

iaerally  employed,  and  used  in  this  list,  it  was  thought  advisable  (o 

esent  the  catalogue  of  these  shells  discovered  in  the  upper  of  two  Swe- 

sh  limestones  (one  considered  by  M.  Hisinger  as  equivalent  to  the 

rboniferous  limestone  of  the  British  Isles),  such  as  it  is  given  in  the 

ibleau  des  Petrifications  de  la  Sudde,  Stockholm,  1^29.   The  following 

e  all  from  the  Isle  of  Gottland. 

1.  Lept^na   (Producta)  rugosa,  Hisinger;  2.   L.  depressa,  Sow,; 

3.  L.  ruglypha,  Dalman ;   4.  L.  transversalis,  WahL 

1.  Orthis  Pecten;  2.  O.  striatella,  Dalman;  3.  O.  basalis,  Dalman; 

4.  O.  elegantula,  Dalman. 

1,  Cyrtia  exporrecta,  WahL;  2.  C.  trapezoidalis,  Hisinger. 

1.  Delthyris  (Spirifer)  elevata,  Dalman;  2.  D.  cyrtaena,  Dalman; 

3.  D. crispa, Dalman;  4. D.  sulcata,  Hisinger;  5.1).  ptycodes,  Dal' 
man;    6.  D.  cardiospermiforrais,  ITusn^er;  7.  Pusio?  Hisinger, 

1.  Gypidia  Conchidium. 

1.  Atrypa  reticularis,  WahL;  2.  A.  alata  (var.  /3),  Hisinger;  3.  A. 
aspera,  Schlot.;  4.  A.  galeata,  Dalman;  5.  A.  Prunum,  Dalman: 
6.  A.  tumida,  Dalman;  7.  A.  tumidula?  Hisinger. 

1.  Tkrebratula  lacunosa;  2.  T.  Plicatella;  3.  T.  cuneata,  Dalman; 

4.  T.  diodonta,  Dalman;   5.  T.  bidentata,  Hisinger;  6.  T.  mar- 
ginalis,  Dalman;  7.  T.  didyma,  Dalman. 
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28.  Producta  depressa,        .    Li^ge,  Dum, 
1.  Vulsella  lingulata,  Hoen,    Vis6,  Horn, 
1.  Ostrea  prisca,  Hoen,    Vis^,  ZTowi. 
1 .  Hinnites  Blainvillii,  Hoen,    Ratingen,  Hoen. 

1.  Pecten  priscus,  Schlot.    Rsithisen,  Hoen. 

2.  »  granosuSj  Sow,    Queen  s  County,  Ireland,  Sow. 

S.  plicatus,  Sow.    Queen's  County,  Sow. 

1.  Mytilus  minimus,  Hoen,    Paffrath,  Hoen. 

1.  Modiola  Goldfussii,  Hoen,    Ratingen,  Hoen, 

1.  Megalodon  cucullatus,  Sow.    Li6ge,  Dum. 

1.  Nucula  Palmae,  Sow.    Derbyshire,  Martin, 

I,  Area  cancellata,  Sow,    Derbyshire,  Martin, 

I,  Chama?  antiqua,  Hoen,    Ratingen,  Hoen. 

1.  Hippopodium  abbreviatum,  Gotdf.    Paffirath,  Hoen. 

1.  Cjrpricardia?  annulata,  ^a»i.     Vis^y  Hoen. 

1.  Cardium  elongatum,  Sow,     Ratingen,  Hoen,;    Derbysh 

Martin, 

2.  hibemicum.  Sow,     Ratingen,  Hoen, ;  Queen's  Co 

ty,  Sow.;  Limerick,  Weav.;  Namur,  Om.dl 
loy, 

3.  alseforme,  Sow,    Queen's  County,  Sow. 

1.  Tellina  lineata,  Hoen,    Ratingen,  Hoen. 

1.  Sanguinolaria  gibbosa, 'Soto.     Queen's  County,  <Sotr. 

CONCHIFERA. 

1.  Patella  Primigenus,  Schlot.    Ratingen,  Hoen, 

.1.  Planorbis  aequalis,  Sow.     Kendal,  Sow. 

■  1.  Natica  elongata,  ^o?n.     Ratingen,  Hoen. 

2, Gaillardotii,        .     Ratingen,  Hoen, 

3,  globosa,         .     Vis6,  Hoen. 

1.  Melania  bilineata.  Gold/.     Pafirath,  Hoen. 

2,  constricta.  Sow.     Derbyshire,  Martin. 

1.  Ampullaria  helicoides,  Sow.    Queen's  County,  .5'ofr. 

2.  nobilis.  Sow.    Queen's  County,  Sow. 

1.  Melanopsis  coronata,  ^a?7z.     Pafirath,  Hoen. 

1.  Nerita  striata*,  Flem,    Corry,  Arran,  Flem, 

2,  spirata,  Sow,    Bristol,   Beeke ;    Derbyshire,  Si 

Li^ge,  Dum. 
1.  P3n'amidel1a  antiqua,  Hoen.    Ratingen,  Hoen. 

1.  Delphinula  canalifera,         .     Pafirath,  Hoen. 

2.  alata,  Wahl.     Gottlaud,  A. 


*  According  to  Dr.  Fleming  this  shell  closely  approaches  the  tt 
Nerita  polita. 
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3.  Delphinula  catenulata,  Wahl,    Gottland,  A, 

4. Comu  Arietis,  WahL    Gottland,  A, 

5. aequilatera,  WahL     Gottland^  A, 

6. funata,  Sow,    Gottland,  A, 

7. subsulcata,  Hisinger,     Gottland,  A, 

8- tuberculata,  Flem,    West  Lothian,  Flem. 

?  1 .  Cirrus  acutus,  Sow,     Derbyshire,  Martin. 

2. rotundatus.  Sow,    Yorkshire,  Sow, ;  Li6ge,  Dum. 

1 .  Euomphalus  nodosus.  Sow,    Ratingen,  Hoen, ;  Derbyshire, 

Martin, 

2. angulosus.   Sow,    Ratingen,   Hoen,  ;  Benthnall 

Edge,  Flem. 
S.     '  catillus.  Sow,     Ratingen,  Hcen. ;  Derbyshire, 

Martin  ;  Li^ge,  Dum, 

4. delphinularis  ♦,  Hoen,     Ratingen,  Hoen, 

5. pentangulatus.  Sow,    Ratingen,  Hoen, ;  Dublin, 

Weav,;  Namiur,  ALBrong,;  Li^ge,  Dum. 

6. coronatus,        .     Vis6 ;  Ratingen,  Hcen, 

7. rotundatus,  .      Ratingen;    Vis6,   Pafirath, 

Hoen, 
8.  ■  rugosus.  Sow,     Colebrooke  Dale,  Sow, 

9. discus,  Sow,    Colebrooke  Dale,  Sow, 

Jo. centrifugus,  Wahl,     Isle  of  Gottland,  A, 

H. angulatus,  Wahl,     Isle  of  Gottland,  A, 

l2.  substriatus,  Hisinger,     Gottland,  A, 

13. costatus,  Hisinger  (Ammonites  ?)     Gottland,  A, 

i  species  not  determined.    Argenteau,  Belgium ; 

Vis6,  Al,  Brong, 
1.  Pleurotomaria  delphinulata,        .     Ratingen,  Hoen. 

1.  Trochus  catenulatus,         .     Ratingen,  Hcen, 

•  1.  Turbo  carinatusf,  Hcen.  Vis6;  Ratingen,  Hoen,;  Yorkshire, 
Sow.;  Li^ge,  Dum, 

2.  helicinseformis,        .     Ratingen,  Hcen, 

3.  Tiara,  Saw.     Preston,  Lancashire,  Gilbertson. 

4.  striatust,  Hoen.     Vis6,  Hoen.;  Derbyshire,  Martin, 

1.  Helix?  cirriformis,  tS'otc;.    Derbyshire,  Martin, 

1.  Turritella  cingulatus,  Hisinger,     Isle  of  Gottland,  A. 

2.  constricta§,  Flem.    Derbyshire,  Martin. 

1.  Buccinum  arculatum,  Schlot,    Pafirath,  Hoen, 

2,  subcostatum,  Schlot,     Paflrath,  Hoen, 

5.  cribrarium,  Hoen,    Ratingen,  Hcen. 

*  Cirrus  delphinulariSf  Goldfuss ;  Helidles  delphinularis,  Schlotheim. 

f  Helix  carinatus  of  Sowerby. 

X  Probably  Helix  striatus  of  Sowerby. 

§  Melania  constricta  of  Sowerby. 
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4.  Bucdnum  laevisdmum,        .    Ratingen,  Hcen, 

5.  acutum,  Soto.    Queen's  County,    Ireland,  Sow,; 

Li^ge,  Dum, 

1.  Belleroplion  hiulcus,  Sow.  Vis^;  Ratingen;  PaflSrathyfTani.; 

Derbyshire,  Martin. 

2.  '         apertus, Sow.  Ratingen,  Hosn.;  Kendal;  Bristol; 

Yorks.,  Sow,;  Li6ge,  Dum. 

3.  ■     tenuifascia,  Sow.    Vis6;  Ratingen,  ^cen. ;  Ken- 

dal; Derbyshire,  andTorkslure,  Sow. ;  Li^ 
Dum. 

4.  ■ —  costatus,  Sow.    Vis€,  Horn, ;  Derbyshire,  Sam, 

5.  . depressusi  Montfort.    Ratingen,  Hoen. 

6.  ■       Comu'Arietis,  Sow.  Kendal,  Sow. ;  Linlithgow* 

shire,  Flem. 

7.  ___  Urii,  liem.    Ruthera^len,  Ure. 
8^  ___*—.  vasidites,  Montf.    Namur,  HoU. 

1.  Ck>nularia  quadrisulcata,  ilft/^er.  Bristol,  Miller;  Rutherglen, 

Flem. 

2.  '  teres,  Sow.     Scotland,  Sow. 

1.  Orthoceratites  undulatus,  Sow.    Scalebar,  Yorkshire,  Duckel, 

(Scklot.)  ;  Vis6,  near  Li^ge,  Al.  Brong. 

2.  — Brejniii,  Sow.    Ashford,  Derbyshire,  Sow. 

3.  ■ annulatus,  Sow.  Colebrooke  Dale,  Shropshire, 

Sow.    Gottland,  A.    King's  County,  Wtfn, 

4.  . paradoxicus,  Sow.    Ireland,  OgUby, 

5.  fusiformis,  Sow.     Queen's  County,   Ireland, 

Sow.;  Lancashire,  Gilhertson. 

6.  cinctus.  Sow.    Preston,  Lancashire,  Moon. 

7. ' imbricatus,  Wahl.     Gottland,  A. 

8.  \ angulatus,  Wahl.     Gottland,  A. 

9.  . undulatus,  Hisinger  (not  Sow.).   Gottland,  J* 

10.  crassiventris,  Wahl,    Gottland,  A. 

11.  lineatus,  Hisinger.     Gottland,  A. 

12.  Gesneri,        .     Derbyshire,  Martin. 

13.  ___^  laevis,  Flem.     Linlithgowshire,  Flem. 

14.  pyramidalis,  Flem.     Linlithgowshire,  Flem. 

15.  — convexus,  Flem.    Linlithgowshire,  Flem. 

16.  annularis,  Flem.    Linlithgowshire,  Flem. 

17.  '^— — • rugosus,  Flem.    Linlithgowshire,  Flem. 

18.  — angularis,  Flem.    Linlithgowshire,  Flem. 

1.  Nautilus  globatus,  Sow.    Ratingen,  Hoen. 

2.  —  discus.  Sow.    Kendal,  Sow. 

3.  —  ingens,         .     Derbyshire,  Martin. 

4.  ____^  marginatus,  Flem.    Bathgate,  Scotland,  Flem. 

5.  . *  quadratus,  Flem.    West  Lothian,  Flem. 

6. bisuigulatus,  Sow.     Bristol,  Beeke. 
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7.  Nautflus  BiUcatus,  Sow,    Derbyshire,  Sow, 

8. Woodwardii,  Sow,    Derbyshire,  Martin, 

9.  excavatus,  Flem,    Limerick,  Wright, 

1.  Ammonites  sphcericus,  Sow,     Vis6,  Hcen,  ;  Derbyshire,  Sow, 

2.  ',  Dabnanni,  Hisinger,    Gottland,  A, 

3. striatus,  Sow,    Derbyshire,  Sow. 

Crustacea. 

1.  Calymene  Blumenbachii,  ALBrong.    Gottland,  A, 

2.  variolaris,  AL  Brong,    Katingen,  Hoen, 

3. punctata,  Wahl,    Island  of  Gottland. 

4.  ■ concinna,  Dolman,    Gottland,  A, 

1.  Asaphus  cordatus,  Al,  Brong,     Gottland,  A, 

1.  Paradoxicus  spinulosus,  Al,  Brong.    Ratingen,  Hoen, 

Trilobites,  genera  not  determined.  Bristol,  De  la  B, ;  Llan* 
geveni,  Anglesea,  Farey  ;  Linlithgowshire,  Flem, ; 
Li^ge,  Dum, 

Pisces. 

Ichthyodorulites,  BucIcL  &  De  la  B,    Bristol,  De  la  B, 
Tritores,  or  fish  palat<es.  Bristol,  Dela  B,;  Northumberland, 
Pha. 

Old  Red  Sandstone, 

This  rock  is  oi  very  variable  thickness,  sometimes  consisting  of 
ft  few  conglomerate  beds,  while  at  others  it  swells  out  to  the  depth 
of  several  thousand  feet.  As  might  be  expected,  this  variation  in 
^ckness  is  accompanied  by  differences  in  mineralogical  structure. 
Conglomerates  being  abundant  in  some  situations,  while  in  others 
&ey  are  exceedingly  rare.  The  sandstone  possesses  different  de- 
grees of  induration,  and  is  not  unfrequently  schistose  and  micar 
ceoua,  affording  flag-stones  and  coarse  materials  for  roofing.  The 
Jkrevalent  colour  is  red,  generally  dull,  which,  as  commonly  occurs 
m  the  red  marls  and  sandstones  of  all  ages,  is  occasionally  inter- 
Hdixed  with  different  tints  of  greenish  blue  (Pembrokeshire,  &c.). 
The  conglomerates  of  course  vary  in  their  contents,  but  pieces  of 
quartz  are  very  common,  so  much  so  in  the  southern  parts  of 
England  and  Wales,  that  the  greater  proportion  of  such  beds  are 
wholly  composed  of  them.  The  sandstones  also  are  principally 
^ceous,  so  that  if  the  mass  be  considered  as  wholly  of  mechanical 
origin,  it  must  have  resulted  from  a  considerable  destruction  of  pre- 
e^sting  siliceous  rocks. 

Few  organic  remains  have  been  discovered  in  this  rock,  and 
tliose  that  have  been  observed  would  appear  to  be  the  same  as  in 
giBUwacke  beneath,  or  the  carboniferous  limestone  above.  Ac- 
cording to  Dr.  Fleming,  Orthoceratites  cordiformisj  0,  giganteus^ 
^autuus  hilohatuSf  and  iV^.  pentagonus,  are  found  in  a  limestone 
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associated  with  the  old  red  sandstone  of  Diunfiriesshire* ;  and  M. 
Dumont  notices  Froducta  concinna  in  the  old  red  sandstone  of  the 
Li^ge  district. 

The  student  heing  now  acquainted  with  the  general  zoological 
and  botanical  characters,  and  with  the  more  marked  mineralogical 
composition  of  the  three  rocks  comprised  within  this  group,  we 
will  proceed  to  a  more  general  notice  of  the  same  rocks  taken  in 
the  mass. 

It  has  been  above  remarked,  that  the  todtliegendes  is  con- 
sidered, in  certain  parts  of  Europe,  to  pass  into  the  coal-measurei^ 
so  that  the  two  rocks  constitute  the  upper  and  lower  portion  d 
the  same  mass.     Some  geologists  have  gone  further,  and  consi- 
dered the  coal-measures  as  subordinate  to  the  todtliegendes,  the 
carboniferous  portion  bearing  the  same  relation  to  the  genenl  / 
mass,  which  certain  lignites,  such  for  instance  as  those  noticed  bf  ^ 
M.  £lie  de  Beaumont  in  Dauphin6  and  Provence,  bear  to  the  tram-  .: 
ported  matter  in  which  they  are  found  included. 

This  apparent  subordinate  character  of  the  coal-measures  to  tbc  - 
todtliegendes  in  Thuringia,  has  induced  M.  Hoffman  to  divide  a-i 
the  rome-todte-liegende  of  that  country  into  three  parts :  a.  nd  i^ 
sandstone,  with  schist,  schistose  sandstone,  and  conglomerate  (500  U 
feet  thick),  referred  to  the  old  red  sandstone ;  b,  carbonifenoi  ? 
rocks  with  limestone  (250  feet  thick),  considered  equivalent  to  the  L 
carboniferous  limestone,  coal-measures,  and  millstone  grit  of  the  j: 
English  series ;  and  c.  red  sandstone,  with  schist,  conglomerate,  k 
and  porph)rry-breccia  (2590  feet  thick),  referred  to  the  red  con-  t- 
glomerate  of  Exeter  f .  By  consulting  Mr.  Weaver's  observationi  !■ 
respecting  the  views  of  the  German  geologists  previous  to  those  t 
of  M.  Hoffinann  t,  the  student  will  observe  that  he  was  led  to  the  p 
same  conclusions  as  to  the  equivalent  character  of  the  old  red  i 
sandstone  and  the  lower  part  of  the  rothe-todte-liegende.  * 

Perhaps  by  following  up  the  views  of  Mr.  Weaver,  and  cona-  ; 
dering  that  the  coal  is  not  necessarilv  constant  to  a  particular  pot 
of  the  series,  and  that  the  mutual  relations  of  different  portions  cf 
the  whole  mass  vary  materially,  we  may  approach  towards  a  to- 
lution  of  this  apparent  difficulty.  In  the  first  place,  we  obtain  M 
help  from  organic  remains ;  for  it  will  have  been  observed  that  the 
general  zoological  character  of  the  marine  exuviae  is  the  same  in 
the  zechstein  (above  the  todtliegendes),  in  the  carboniferous  lime- 
stone, and,  as  will  be  seen  in  the  sequel,  in  the  grauwacke  series. 
The  general  character  of  the  vegetable  remains  was  probably  also 
similar,  as  we  know  it  was  in  the  descending  order.     Assuming* 

*  Fleming,  History  of  British  Animals. 

t  Hoffinann,  Uebersicht  der  orographischen  und  geognostiscfaen  Ver- 
haJtnisse  vom  Nordwestlichen  Deutschland,  1830,  p.  504. 
t  Weaver,  Annals  of  ?Vk\\osop\\Y)  '^^^'^^ 
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erefbre,  (and  it  does  not  appear  unphUosophical  to  do  so,)  that 
ganic  remains  will  not  aid  us  in  the  investigation,  we  can  only 
>peal  to  mineralogical  structure  and  relative  geological  position. 
ur  fixst  inquiry  therefore  should  he,  Are  these  constantly  the 
une,  allowances  heing  only  made  for.  smaller  variations  ?  We 
m  only  reply  to  this  question  hy  a  statement  of  facts. 

In  the  Boutnem  part  of  our  island  the  three  divisions  of  old  red 
laadstone,  carhoniferous  limestone,  and  coal-measures,  are  well 
Kiarked,  and  there  is  clearly  no  passage  of  the  latter  into  the  red 
nadstone  (commonly  termed  new  red  sandstone)  ahove  it ;  on  the 
Bo&trary,  the  coal-measures  and  the  inferior  rocks  have  heen  upset 
prior  to  the  deposition  of  the  magnesian  conglomerates  and  lime- 
rtones  with  their  associated  red  sandstones  and  conglomerates ; 
md  it  seems  more  than  prohahle  that  the  lower  portions  of  the 
litter  series  of  rocks  resulted  from  the  disturbance  produced  by 
the  fracture,  contortion,  and  elevation  of  the  coal-measures  and 
dder  rocks.  With  respect  also  to  the  carboniferous  group  itself, 
the  masses  of  the  old  red  sandstone,  carboniferous  limestone,  and 
eool-measures  are  well  separated  from  each  other,  though  there 
Bay  be  small  alternations  at  their  contact,  as  the  student  can 
observe  at  Clifton  gorge  near  Bristol,  and  other  places  in  that 
district*. 

As  we  advance  northwards  into  the  central  part  of  England, 
we  find  that  the  lower  part  of  the  coal-measures  and  the  upper 
ptrt  of  the  carboniferous  limestone,  which  in  the  south  only  aiter» 
■ated  at  their  contact  in  a  comparatively  moderate  degree,  have 
now  assumed  a  new  character  as  they  approach  each  other,  pre- 
lenting  a  mass  of  shales,  sandstones  (most  frequently  coarse),  and 
timestones,  with  occasional  seams  of  coal,  the  whole  being  of  very 
considerable  thickness,  and  known  as  Millstone  Grit. 

Prof.  Sedgwick  has  shown,  that  still  further  north  in  England 
the  great  lines  of  distinction  between  the  carboniferous  limestone 
Hid  the  coal-measures  are  broken  up,  and  that  the  one  rock  is  lost 
Bl  the  other.  As  the  student  can  have  no  better  or  more  con- 
densed view  of  the  subject  than  in  Prof.  Sedgwick's  own  words,  I 
ihall  offer  no  apology  for  inserting  them  here. 

"  On  the  re-appearance  of  the  carboniferous  limestone  at  the 
base  of  the  Yorkshire  chain,  we  still  find  the  same  general  analo- 
gies of  structure :  enormous  masses  of  limestone  form  the  lowest 
part,  and  the  rich  coal-fields  the  highest  part  of  the  whole  series ; 

*  For  the  necessary  details  respecting  the  coal-measures  and  the  car- 
!H)niferou8  series  generally,  consult  the  labours  of  Mr.  Conybeare  in  his 
Outlines  of  the  Geology  of  England  and  Wales ;  and  for  that  of  the 
outhem  part  of  our  island  in  particular,  the  Observations  on  the  South- 
western Coal  District  of  England,  by  Dr.  Buckland  and  Mr.  Conybeare, 
^oL  Trans.,  2Dd  series,  vol.  i. 
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and  we  also  find  the  millstone  grit  occupying  an  intei 
position.     The  miUstone  grit,  however,  becomes  a  veiy 
deposit,  with  several  subordinate  beds  of  coal ;  and  is  » 
from  the  great  inferior  calcareous  group  (known  in  the 
England  %  the  name  oiscar  limestone)^  not  merely  by  t 
shale  and  shale-limestone,  as  in  Derbyshire,  but  by  a  % 
complex  deposit,  in  some  places  not  less  than  1000  feet 
which  five  groups  of  limestone  strata,  extraordinary  for  t] 
feet  continuity  and  unvarying  thickness,   alternate   wi 
masses  of  sandstone  and  shale,  containing  innumerable 
eions  of  coal  plants,  and  three  or  four  thin  seams  of  good 
tensively  worked  for  domestic  use. 

*'  In  the  range  of  the  carboniferous  chain  from  Sti 
through  the  ridge  of  Cross  Fell  to  the  confines  of  Northum 
we  have  a  repetition  of  the  same  general  phsenomena. 
eastern  flanks,  and  superior  to  all  its  component  group 
rich  coal-field  of  Durham.  Under  the  coal-field  we  have,  ii 
descending  order,  the  millstone-grit,  the  alternations  of  lii 
and  coal-measures  nearly  identical  with  those  of  the  Y 
chain,  and  at  the  base  of  all  is  the  great  scar  limestove, 
limestone  begins  however  to  be  subdivided  by  thick  n 
sandstone  and  carbonaceous  shale,  of  which  we  had  hardi; 
in  Yorkshire,  and  gradually  passes  into  a  complex  dep< 
distinguishable  from  the  next  superior  division  of  the  series 
with  this  gradual  change  is  a  greater  development  of  the 
coal-beds  alternating  with  the  limestone,  some  of  which, 
north-eastern  skirts  of  Cumberland,  are  three  or  four  feet 
ness,  and  are  now  worked  for  domestic  use,  with  all  the  a 
niments  of  rail-roads  and  steam-engines. 

''The  alternating  beds  of  sandstone  and  shale  expai 
and  more  as  we  advance  towards  the  north,  at  the  expen 
the  calcareous  groups,  which  gradually  thin  off  and  ceasi 
duce  any  impress  on  the  features  of  the  country.  And 
is  that  the  lowest  portion  of  the  whole  carboniferous  systc 
Bewcastle  Forest  along  the  skirts  of  Cheviot  HUls  to  the  * 
the  Tweed,  has  hardly  a  single  feature  in  common  with 
ferior  part  of  the  Yorkshire  chain ;  but,  on  the  contrar^i 
the  most  ordinary  external  characters  of  a  coal-formatioi 
responding  to  this  change  is  also  a  gradual  thickening  of  \ 
ceous  matter  in  some  of  the  lower  groups.  Many  cofQ-wo 
been  opened  upon  this  line,  and  near  the  right  bank  of  th 
(almost  on  a  parallel  with  the  great  scar  limestone)  is  a  c 
with  fkVQ  or  six  good  seams,  some  of  which  are  worked,  no 
for  the  use  of  the  neighbouring  districts,  but  also  for  the  v 
the  capital*." 

*  Sedgwick,  Address  to  the  Geological  Society,  1831.     Pli 
and  Annals,  vol.  ix.  p.  2S6,  ^%*\ , 
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We  thus  observe  that  a  very  material  change  has  been  effected 
]&  fihe  carboniferous  rocks,  the  limestone  beds  having  become 
nixed  up  with,  and  even  disappearing  among,  the  arenaceous  and 
ikaly  coal-measures.    Two  rocks  of  the  series  are  therefore  as  it 
vere  amalgamated,  and  no  line  of  distinction  can  be  drawn  be- 
tween them.    Not  only  have  the  separate  characters  of  coal-mea- 
iores  and  carboniferous  limestone  disappeared,  but  the  remaining 
lock,  the  old  red  sandstone,  no  longer  presents  the  common  arena- 
oeoas  aspect  which  it  possesses  in  the  South  of  England  and  inWales. 
It  is  here  a  conglomerate,  which,  instead  of  offering  the  appearance 
^      of  a  passage  into  the  grauwacke  strata  beneath,  actually  rests  on  the 
upturned  edges  of  those  strata,  and  is  frequently  absent,  so  that, 
«i    as  has  been  shown  by  Prof.  Sedgwick  and  Mr.  J.  Phillips,  the 
M     eaiboniferous  limestones  repose  directly  on  the  previously  dis- 
^1    lorbed  and  upset  grauwacke  rocks  *. 

_.  If  we  now  proceed  to  Scotland,  to  that  mass  of  conglomerate 
s^  md  arenaceous  deposits  intermixed  with  limestone  and  coal  de- 
•^  KSribed  by  Dr.  Fleming,  Prof.  Jameson,  Dr.  MacCulloch,  Mr. 
■a:  B«ld,  Dr.  Bou^,  Prof.  Sedgwick,  Mr.  Murchison,  and  other  geo- 
z.'i'  legists,  there  would  appear  to  be  some  difficulty  in  establishing 
m4^  distinctions  such  as  can  readily  be  made  in  the  southern  parts  of 
X  -^  onr  island ;  and  this  difficulty  is  increased  by  the  presence  of  rocks, 
»  r-  referable,  at  least  in  part,  to  the  (new)  red  sandstone  group.  In 
^ .  iSbe  northern  English  districts  noticed  by  Prof.  Sedgwick,  tne  red 
m^-  nndstone  rocks  have  clearly  been  deposited  on  the  carboniferous 
sj  limestone  and  coal-measures  after  the  two  latter  rocks  had  suffered 
-^  gteat  disturbance  and  violent  dislocations ;  but  it  may  be  question- 
=£1  lUe,  at  least  in  parts  of  Scotland,  how  far  fine  lines  of  distinction 
ean  be  drawn  between  the  upper  part  of  the  coal-measures  and 
{  s  the  lower  portion  of  the  red  sandstone  group.  Organic  remains 
^ .  will  be  of  little  assistance,  for  reasons  before  stated,  neither  is  the 
s>  .  mi^eralogical  character  of  much  avail,  for  it  will  have  been  seen 
^  Ihat  this  also  changes,  and  there  is  nothing,  that  we  are  aware  of, 
which  should  prevent  the  zechstein,  if  produced  under  general 
y,  dmilar  circumstances,  from  assuming  the  character  of  the  cai^ 
y  honiferous  limestone,  such  more  particularly  as  the  latter  appears 
V  when  divided  and  included  in  the  coal-measures.  The  colour  of 
4ie  rocks  is,  if  possible,  <^  still  less  importance,  for  the  coal-mea- 
r  ■ores  are  not  unfrequently  red ;  so  that  should  the  whole  get  mixed 
i  up  together,  more  particularly  without  discordant  stratification,  it 
-       woultt  appear  highly  theoretical  to  distinguish  the  various  portions 

*  See  Phillips's  Sections  in  the  Geol.  Trans.,  2nd  series,  vol.  iii. ;  and 

Sedgwick,  Proceedings  of  the  Geol.  Soc  1831.     When  the  sections  and 

^         descriptions  of  the  latter  author  shall  have  been  made  public,  geologists 

^U  be  in  poftsession  of  a  highly  valuable  and  illustrative  series  of  docu* 

'Qents  on  this  subject 

u 
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by  particular  namesi  each  portion  being  considered  l3ie  decided  tL 
equivalent  of  divisions  tiiat  may  be  established  elsewhere.  It  is  ^ij 
by  no  means  intended  to  infer  that  during  any  considerable  de-  -.a 
posit,  such  as  the  one  under  consideration^  there  should  not  be  ^ 
equivalents  in  age :  such  there  must  always  have  been ;  but  the  )V 
contemporaneous  effects  produced  by  different  causes  may  bsfe  W 
varied  most  materially ;  so  that  distinctions  which  mark  particalK  r 
events  in  one  situation  are  not  always  useful  when  applied  gese-  ^2 
rally ;  for,  perhaps  without  being  aware  that  we  are  doing  so,  we 
theoretically  consider  circumstances  to  have  been  generally  tbe 
same  at  a  given  time,  whereas  we  should,  in  the  first  place,  con- 
sider them  as  more  local,  resulting  from  the  operation  of  more 
limited  causes.  I  ;am  ^ly  aware  tiiat  this  view  may  be  carried 
too  far,  and  that  the  minor  divisions  of  rocks  should  be  estaUisbed 
as  much  as  possible ;  but  we  should  also  avoid  extremes,  and  not 
pass  that  point  where  the  distinctions  may  admit  of  very  greek 
doubt,  for  by  doing  so  we  seem  in  a  great  measure  to  preclade 
ourselves  from  tracing  the  causes  which  have  produced  we  greet 
dianges  in  tiie  mineralogical  and  zoological  cnaracters  of  rocb 
on  tiie  surface  of  the  earth  generally. 

Dr.  Bou6  considers  the  conglomerates,  sandstones,  limestonei 
and  coal  of  the  great  arenaceous  deposit  of  Scotiand,  as  subordi- 
nate portions  of  one  great  whole,  which  he  believes  equivalent  to 
the  red  sandstone  {gres  rouge) ;  an  opinion  coinciding  with  the 
views  of  M.  Hofimann  respecting  the  coal-deposit  of  ThuringiSi 
To  what  extent  this  opinion  may  be  correct  would  not  yet  appetr 
to  be  well  decided ;  and  it  no  doubt  may  startie  English  geologists 
to  compare,  in  any  manner,  the  old  red  sandstone  with  a  eytrtem 
of  rocks  containing  the  todtUegendes :  but  supposing  a  series  of 
conglomerate,  sandstone,  and  other  rocks  of  a  certain  comnMm 
dharacter,  to  have  been  produced,  so  that  during  the  deposit  the 
inferior  should  not  in  any  manner  have  been  disturbed,  bat  the 
strata  to  have  been  laid  regularly  on  one  another,  and  that  «e 
obtain  littie  or  no  aid  from  organic  remains, — it  would  seem  difficnk 
to  regard  the  mass  in  any  other  light  than  as  resulting  from  the 
operation  of  nearly  similar  and  uninterrupted  causes.  I  am  fir 
from  stating  that  this  actually  is  the  case  in  Scotland,  beint 
merely  desirous  to  show  that  an  union  of  the  todtiiegendes  and 
zechstein  with  the  carboniferous  group  may  not  be  impoesibte 
elsewhere. 

In  certain  districts,  such  as  Pembrokeshire,  the  old  red  sand- 
stone has  the  appearance  of  passing  into  the  grauwacke  series 
beneath ;  in  such  situations,  therefore,  we  may  regard  this  rock 
as  resulting  from  the  continuance  of  causes  similar  to  those  which 
have  produced  the  grauwacke ;  for  the  zoological  character  of  the 
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two  deposits  is  the  same,  as  is  also  their  mineralogical  structure ; 
the  dirorence  between  them  is  in  the  colour, — ^a  circumstance  of 
no  importance,  for  red  rocks  are  often  present  in  the  body  of  the 
grauwacke  group  itself. 

In  the  north  of  England,  the  old  red  sandstone,  as  has  been 
above  noticed,  rests  on  upturned  grauwacke:  causes  therefore 
liave  acted  violently  in  one  situation  at  a  given  period,  which 
liave  scarcely,  if  at  all,  produced  marked  effects  in  another  at  no 
very  considerable  distance ;  leading  us  to  infer  that  at  still  greater 
distances  the  differences  observable  in  deposits  of  this  period  may 
be  more  remarkable. 

The  carboniferous  group  occupies  the  surface  of  a  large  por- 
tbn  of  Ireland,  the  limestones  being  exceedingly  abundant.  Mr. 
Weaver  describes  sandstones  and  conglomerates  as  frequently, 
though  not  constantly,  interposed  between  the  older  deposits  and 
the  carboniferous  limestone,  and  refers  them  to  the  old  red 
sandstone.  The  Gaultees  mountains  are  mentioned  as  wholly 
composed  of  them.  They  occur  along  the  flanks  of  the  clay  slate 
districts,  and  isolated  caps  of  the  sandstone  often  rest  on  these 
older  deposits.  The  red  sandstone  emei^es  from  beneath  the 
interior  of  the  great  limestone  plain  at  Afitat,  Ballymahon,  and 
l^iev^oldry  Hill.  The  same  author  notices  that  the  strata  of 
this  sandstone  deposit  are  most  inclined  as  they  approach,  and 
ire  in  contact  with,  the  older  rocks ;  but  that  as  they  accumulate 
md  recede  from  t^e  latter,  they  become  more  and  more  hori- 
lontaL 

The  carboniferous  limestone  may  be  considered  as  the  preva- 
lent rock  in  Ireland ;  for,  as  Mr.  Weaver  observes,  all  its  coun- 
ties, with  the  exception  of  Derry,  Antrim  and  Wicklow,  are  more 
nx  less  composed  of  it.  This  limestone  is  described  as  coming  in 
oontact  witn,  and  sweeping  round,  various  mountain  chains, 
**  filling  up  every  interval  and  hollow  between  them."  It  sup- 
ports the  coal-measures, properly  so  called;  and  thus  the  analogy 
between  the  carboniferous  series  of  central  and  southern  England, 
snd  that  of  the  corresponding  portions  of  Ireland,  is  complete ; 
the  arenaceous  and  conglomerate  deposits  of  the  old  red  sandstone 
in  the  latter  country  being  surmounted  by  a  sheet  of  limestone, 
Taiying  in  thickness,  sometimes  attaining  a  depth  of  700  or  800 
feet,  but  generally  averaging  200  or  300  feet ;  and  being  in  its  turn 
covered  by  coal-measures  ♦. 

The  carboniferous  rocks  of  the  north  of  France  and  Belgium 
have  a  direction  from  east-north-east  to  west-south-west  from  the 

*  Weaver,  On  the  Geological  Relations  of  the  East  of  Ireland,  GeoU 
Trans,  vol.  v. — Also  consult  Griffith's  Account  of  the  Connaught  and 
Leinster  Coal  Districts;  and  Sections  and  Views  illustrative  of  Geolo- 
gical Phaenomena,  pL  29. 
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▼iciiiity  of  Aix-la-Chapelle  to  and  beyond  Valenciennes,  tiidTise 
from  beneath  cretaceous  or  newer  rocks.  The  carboniferouft 
limestone  and  coal-measures  of  the  Boulognais  can  be  considned 
only  as  a  continuous  portion  of  the  same  deposit. 

These  carboniferous  rocks  occur  much  in  the  same  manner  ai 
in  the  southern  parts  of  England.  Red  arenaceous  deposiii 
equivalent  to  the  old  red  sancbtone  occupy  the  lowest  part,  ear- 
boniferous  limestone  the  central,  and  coal-measures  the  higher 
portion  of  the  series.  According  to  M.  de  Villeneuve  the  ooil* 
measures  and  limestone  alternate  at  their  contact  with  each 
other  between  Li^ge  and  Chaude  Fontaine.  The  limestones  axe 
metalliferous,  bluish  and  compact,  and  contain  subordinate 
conglomerates  of  blue  limestone.  The  alternating  sandstones  aw 
sometimes  reddish,  and  at  others  greenish  brown ;  they  are  some- 
times compact,  at  others  fissile  with  mica,  and  the  lines  of  deaT- 
age  are  in  some  beds  not  the  same  with  those  of  stratificatioiL 
Tne  upper  part  of  the  limestone  and  sandstone  contains  ahmiinoiif 
shale,  worked  for  profitable  purposes  (Huy  and  other  places)*. 

According  to  the  same  author  the  coal-measures^  which  are 
composed  of  the  usual  mixture  of  sandstones,  shales,  and  coal 
beds,  present  at  the  Montagne  de  St.  Gilles  no  less  than  siztv- 
one  beds  of  the  latter,  varying  from  six  feet  to  a  few  inches  a 
thickness;  and  M.  Dumont  states  that  the  coal-measures  d 
Li^ge  contain  eighty-three  beds  of  coal.  The  strata  of  the  dis' 
trict  are  greatly  disturbed,  as  is  well  seen  at  Mons,  and  are  tra- 
versed by  faults,  as  maybe  observed  at  St.  Gilles.  Coal  is  worked 
far  down  in  the  lower  beds,  and  even  amid  the  limestones  at 
Mons,  which  circumstance,  however,  M.  de  Villeneuve  attrilntes 
to  the  contortions  of  the  strata. 

The  carboniferous  rocks  of  the  Netherlands  would  appear  to 
be  continued  into  Germany,  to  the  deposits  between  Essen,  Wer- 
den,  Bochum,  Hattingen,  Wetter  and  Dortmund,  which  repose 
on  the  north-west  comer  of  the  great  exposure  of  grauwacke 
rocks  in  that  part  of  Europe.  To  the  north  of  these  deposits,  on 
the  northern  side  of  the  great  gulf  of  cretaceous  and  supracieta- 
ceous  rocks  which  enters  easterly  into  Germany,  and  on  whid 
stands  Miinster,  there  is,  according  to  M.  Hoffmann,  an  outcrop 
of  carboniferous  strata  at  Ibbenbiihren,  between  Osnabriick  and 
Rheine  f.  Coal-measures  occur  at  Seefeld,  in  Saxony.  At  Wrt- 
ten,  north  of  Halle,  is  another  deposit ;  and  at  Saarbrtick,  and 
the  neighbouring  country,  the  coal-measiu'es  are  abundant  and 

♦  De  A^leneuve,  Ann.  des  Sci  Nat  t  xvi.  1829. 

t  For  the  localities  of  the  coal  in  the  north-west  of  Germany  oooiBit 
M.  Hofimann'smap  of  that  country ;  and  for  descriptions,  Uebertidt  dcr 
^ro^raphischen  und  geognostischen  Verhaltnisse  vom  Nordwestlkhca 
D^ut'chlandf  by  the  same  aulVvot. 
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at,  when  trappean  rocks  are  not  interposedi  upon  part  of  the 
auWacke  mass  previously  mentioned*. 

M.  Puscb  describes  the  coal-measures  in  Poland  as  extending 
nn  Hultschin  to  Krzeszowice,  the  more  ancient  beds  passing 
to  the  grauwacke  on  which  tbey  rest :  but  the  same  author  re- 
irks,  that  in  the  rocky  valleys  of  Czema  Szklary,  and  near  Deh- 
k,  not  far  from  Krzeszowice,  a  black  marble,  employed  in  the 
tSy   supports  the  coal-measures.    M.  Pusch  considers  this  marble 

eqiiivsQent  to  the  carboniferous  limestone  of  the  English  geolo- 
its,  and  observes  that  the  calcareous  conglomerates  which  ao- 
mpany  the  coal  sandstones  and  shales  in  the  gorges  of  Miekina 
:d  Filipowice  are  referable  to  the  same  marble  beds.  The  same 
ithor  states  that  the  coal-measures  contain  the  plants  so  corn- 
only  observed  elsewhere  in  similar  deposits,  and  that  he  has 
entified  thirty-six  species  with  those  noticed  in  the  works  of 
!M.  Sternberg  and  Ad.  Brongniartf.  According  to  M.  Stenn 
;rg.  part  of  the  coal  strata  of  Bohemia  follows  the  line  of  the 

cfilled  transition  rocks  from  Merklin  in  the  circle  of  Klattau,, 

Miihlhausen  on  the  Moldau,  having  a  length  of  fifteen  leagues, 
id  a  breadth  of  from  four  to  five  leagues.  He  also  remarks  that 
;e  coal  formation  of  Silesia,  which  stretches  the  length  of  seven- 
en.  leagues,  reaches  Schatzlar  in  the  Riesengebirge  on  the  one 
ie,  and  Schwadowitz  in  the  lordship  of  Nachod,  in  Bohemia, 
I  the  other;  red  sandstone  and  red  porphyry  accompan}ring 
>th  these  deposits.  In  the  western  part  of  Bohemia,  coal-mea- 
ires  occur  in  the  circles  of  Klattau»  Beraun,  Pilsen,  and 
akowitz  %• 

The  coal  deposits  of  central  France  repose  on  granite,  gneiss, 
ica  slate,  &c.,  without  the  intervention  of  any  limestones, 
udstones,  or  slates,  which  can  be  distinctly  referred  to  the  car- 
>iiiferous  limestone,  old  red  sandstone,  or  grauwacke :  such  aT« 
;e  coal-fields  of  St  Etienne,  Rive  de  Gier,  Brassac,  Puis,  &c. 

*  The  student  will  find  instructive  plans  and  sections  of  the  coal 
ines  at  Warden,  Essen,  Eschweiler,  Valenciennes,  Mens,  Fuchsgrubc 
lilesia),  and  Saarbnick,  in  the  Atlas  to  la  Richesse  Minerale,  by  M. 
eron  de  Villefosse,  pi.  24,  25, 26,  27,  and  28.  He  should  also  consult 
e  geological  map  and  sections  of  the  countries  bordering  the  Rhine, 
r  MM.  Oeynhausen,  la  Roche  and  von  Decken,  for  the  coal-measuret 
'  Saarbnick  and  the  adjacent  country.  Parts  of  these  sections  are  in- 
rted  in  Sections  and  Views  illustrative  of  Geological  Phtenomena, 
.  18.  figs.  1.  and  2. 

\  Pusch,  Journal  de  Geologic,  t  ii.  The  limestones  of  the  Isle  of 
ottland,  many  fossils  from  which  are  enumerated  above  among  those  of 
le  carboniferous  limestone,  are  referred  to  this  series  in  accordance 
ith  the  views  of  M.  Hisinger. 

X  Sternberg,  Versuch  einer  geognostisch-botanischen  DarsteUung  det 
lora  der  yorweiu 
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At  St.  Georges-Ch&tellaison  the  coal-measures  also  rest  on  gneui 
and  mica  slate  *. 

The  carboniferous  deposits  of  the  United  States  are,  according  . 
to  Prof.  Eaton,  of  different  ages ;  one  being  contained  in  the  j 
argillaceous  slates  (argillite)  of  Worcester  (Mass.)  and  Newport; 
another  bein?  considered  equivalent  to  the  coal-measures  of  Eo*  ' 
rope ;  and  a  third  being  of  a  more  recent  epoch,  though  older  thtt  )■ 
certain  lignites.  The  deposit  referred  to  the  same  epoch  as  the  ci^  \ 
boniferous  series  of  Europe,  occurs  at  Carbondale,  Lehigh,  Lackt*  > 
waxen,  Wilkesbarre,  and  other  places  f. 

Mr.  Cist  describes  the  coal  of  Wilkesbarre  as  alternating  viA 
various  sandstones  and  shales,  the  latter  containing  a  great  abmh 
dance  of  fossil  plants  t)  many  of  which  it  will  have  b€»en  seen  by 
one  of  the  foregoing  lists  are  identical  with  some  discovered  in  w 
coal-measures  of  Europe,  and  all  are  of  the  same  general  charac- 
ter with  those  obtained  from  the  carboniferous  and  grauwacke 
series.  The  sandstone  beds  vary  from  five  to  one  hundred  feet  in 
depth,  and  the  coal  is  sometimes  from  thirty  to  forty  feet  thick,  id 
general  thickness  being  from  twelve  to  fifteen  feet.  Prof.  Silli* 
man  states  that  the  beds  at  Mauch  Chunk,  (Pennsylvania)  con- 
sist of  conglomerates,  sandstones,  and  argillaceous  slate.  Tin 
pebbles  in  the  conglomerate  are  described  as  pieces  of  goaxts 
rounded  by  attrition,  and  the  cementing  matter  of  the  conglome' 
rates  and  sandstones  as  siliceous  §.  According  to  Prof.  Eaton,  the 
limestone  which  supports  the  strata  containing  the  Pennsylvanian 
coal  extends  along  the  foot  of  the  Catskill  Mountains,  and  is  con- 
tinued from  the  southern  part  of  Pennsylvania  to  Sackett's  Hffl^ 
boiu'  on  Lake  Ontario  (|. 

Mr.  Hitchcock  informs  us  that  coal  is  associated  with  trappeaa 
rocks,  fetid,  siliceous,  and  bituminous  limestones,  red  and  gray 
sandstones,  and  conglomerates,  in  Connecticut.  It  is  descnbcd 
as  bituminous,  whereas  the  Wilkesbarre  coal  is  frequently  termed 
anthracite  by  the  American  geologists  ^.  It  occurs  at  Durham, 
Chatham,  Berlin,  Enfield,  and  other  places  in  Connecticut,  and  is 
described  as  passing  into  the  so  called  old  red  sandstone  of  the 
country,  which  is  composed  of  a  series  of  sandstones  and  con- 

*  Mr.  Grammer  remarks  that  the  coal  deposit  of  Virginia  rests  on 
granite.     American  Journal  of  Science,  vol.  i. 

t  Eaton,  Amer.  Journ.  of  Science,  vol.  xix. 

X  Cist,  American  Journ.  of  Science,  vol.  iv.  where  a  map  of  the  de- 
posit will  be  seen. 

§  Silliman,  American  Journ.  of  Science,  voL  xix. 

I)  Eaton,  ib.  vol.  xix. 

^  This  distinction  would  not,  in  itself,  appear  to  be  of  any  great  im- 
portance ;  for  the  continuous  coal  deposit  of  South  Wales  is  anthradtic 
in  Pembrokeshire,  and  bituminous  in  its  eastern  prolongation  throngb 
Monmouthshire. 
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imetates  generally  of  a  dark  red  colour.     An  excellent  section 
this  coal  deposit,  described  in  great  detail  by  Mr.  Hitchcock, 
exposed  where  the  Connecticut  river  cuts  through  it  between 
11  and  Montague. 

Fossil  fish  are  obtained  from  associated  bituminous  shale  at 
estfield  (Connecticut)  and  Sunderland  (Massachusetts),  and  one 
ecies  is  considered  referable  to  the  genus  PcdiBothristum  of 
ainville  *,  a  genus  which  the  student  has  seen  noticed  under 
e  head  of  Zechstein.  The  presence  of  this  genus  would  however 
'  no  means  necessarily  mark  the  deposit  as  alone  referable  to 
e  todtliegendes  or  zechstein,  even  admitting,  for  the  sake  of  the 
gument,  that  the  latter  were  recognisable  as  minor  divisions  in 
merica ;  for  the  genus  PaUBothrismtm  is  quite  as  likely  to  have 
rmed  a  part  of  the  animals  existing  during  the  dqK)sit  <^  the 
al-measur^s  and  carboniferous  limestone,  as  the  ProautctiB  during 
jB  formation  of  the  zechstein. 

If  we,  for  the  moment,  abstract  the  limestone  beds,  there  would 
ypear  little  doubt  that  the  carbom'ferous  series  is  of  mechanical 
rmation,  a  deposit  from  water  varying  in  its  transporting  powers. 
hns,  at  one  time  the  velocities  were  sufficient  to  force  forward 
ravels,  while  at  others  they  only  accomplished  the  transport  of 
It  or  mud.  If  proportional  sections  be  made  of  coal  deposits, 
will  be  observed  that  the  coal  beds  occur  at  very  imequal  inter- 
ilsy  showing  that  the  causes  which  produced  them  have  acted 
re^larly.  From  the  careful  examination  of  the  Forest  of  Dean 
y  Mr.  Mushet,  we  have  a  detailed  list  of  the  various  beds  of 
le  coal-measures,  carboniferous  limestone  and  old  red  sandstone, 
le  whole  constituting  a  collective  thickness  of  about  8700  feet ; 
le  coal-measures  being  3060  feet  in  depth,  and  the  limestone 
05.  The  mass  reposes  on  the  grauwacke  (transition)  limestone 
f  Long  Hope  and  Huntley  f .  The  sandstones  of  the  old  red 
uidstone  in  Gloucestershire,  Somersetshire,  and  the  neishbour- 
\g  parts  of  England,  afford  us  no  great  evidence  of  a  quick  depo- 
ity  more  particularly  as  the  conglomerates  are  not  common ;  the 
itter  are  however  sufficient  to  show  that  the  velocities  of  the  trans- 
•orting  waters  were  not  constant,  but  liable  to  variation.  A  great 
hange  in  the  depositing  and  transporting  powers  subsequently 
ook  place;  and  instead  of  the  siliceous  and  arenaceous  sediment, 
arbonate  of  lime,  often  enveloping  a  variety  of  marine  animal 
emains,  was  produced ;  and  this  not  for  a  short  time,  but  appa- 
ently  during  a  long  period ;  for  the  carboniferous  limestone  of 
his  district  bears  marks  of  slow  formation,  many  beds  being  com- 
>08ed  of  a  mass  of  fossils,  the  remains  of  myriads  of  animals, 
rhich  have  apparenUy  Uved  and  died  where  we  now  find  them 

• 

*  Hitchcock,  American  Journal  of  Science,  vol.  vL 
f  Mushet,  Geol.  Trans*  2nd  Series,  vol.  i.  p.  288. 
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entombed.  It  must  however  be  admitted  that  the  origin  of  many  -^ 
beds,  which  do  not  present  a  trace  of  animal  exuviae,  remains  ob"  r^ 
scure,  and  we  have  no  direct  evidence  that  they  may  not  have  ^^ 
been  produced  more  suddenly  by  deposits  from  water,  either  boU-  ^ 
ing  carbonate  of  lime  in  chemical  solution  or  in  mechanical  stu-  P^ 
pension.  After  a  thickness  of  seven  or  eight  hundred  feet  of  cal*  f^ 
careous  rock  had  been  formed,  another  great  change  in  the  matter 
deposited  was  effected ;  not  however  so  suddenly  but  that  the  are- 
naceous sediment  which  afterwards  became  so  abundant,  and  the 
calcareous  matter,  were  alternately  produced  for  a  comparatively 
limited  period.  An  immense  mass  of  sandstone,  shales,  and  coel 
was  then  accumulated  in  beds  one  above  another,  which,  thongb 
irregular  with  regard  to  the  relative  periods  of  deposit,  are  fre- 
quently persistent  over  considerable  areas.  ^ 

By  general  consent  the  coal  is  considered  as  resulting  f\rom  tbe 
distribution  of  a  body  of  vegetable  remains  over  areas  of  greater 
or  less  extent,  upon  a  previously  deposited  surface  of  sand,  argil- 
laceous silt,  or  mud,  but  principally  the  latter,  now  comprened 
into  shale.  After  the  distribution  of  the  vegetables,  other  sandi,  i^ 
silt,  or  mud,  were  accumulated  upon  them ;  and  this  kind  cjf 
operation  was  continued  irregularly  for  a  considerable  time,  during 
which  there  was  an  abundant  growth  of  similar  vegetables  at  bo 
very  distant  place,  to  be  suddenly,  at  least  in  part,  destroyed  and 
distributed  over  considerable  areas  on  the  more  common  detritos. 

Great  length  of  time  would  be  requisite  for  this  accumulation,  be- 
cause the  phaenomena  observed  would  lead  us  to  consider  the  trani* 
porting  power,  though  variable,  to  have  been  generally  moderate: 
moreover  a  very  considerable  growth  of  vegetables  requiring  time, 
would  be  necessary  at  distinct  intervals ;  for  coal  beds  only  now 
six  or  ten  feet  thick,  must,  before  pressure  was  exerted  upon  them, 
have  occupied  a  much  greater  depth.  It  is  a  remarkable  circum- 
stance connected  with  the  coal-measures  of  the  South  of  England, 
tliat  marineremains  have  not  been  detected  in  them,  which,  though 
it  does  not  prove  the  deposit  of  coal  to  have  been  effected  in  fresh 
water,  does  appear  to  show  that  there  was  something  which  pre- 
vented the  presence  of  marine  animals, — a  circumstance  the  man 
remarkable,  as  we  have  seen  that  such  animals  swarmed  during 
the  formation  of  the  carboniferous  limestone. 

These  remarks  are  not  only  applicable  to  the  small  district  above 
noticed,  but  to  a  large  extent  of  country, — one  stretching  from 
Belgium,  through  the  North  of  France,  and  the  southern  parts  of 
England  and  Wales,  into  Ireland ;  and  for  the  most  part  con- 
cealed beneath  masses  of  newer  rocks.  As  we  advance  north- 
ward, however,  the  marked  distinctions,  as  before  noticed,  d9- 
appear ;  so  that  the  causes,  wjiatever  they  were,  which  produced 
such  a  separation  of  arenaceous  and  calcareous  rocks  on  the  south, 
became  modified,  and  t\ie\ime«\ATie%Nve;t«TCiote  intimately  blended, 
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ating  beds,  with  the  sandstones  and  shales,  afibrding  a 
lixture  of  marine  with  terrestrial  remains.  It  has  long 
>wn  that  the  Yorkshire  coal-measures  presented  a  bed 
\g  the  remains  of  Ammonites  and  PectineSf  and  that  the 
the  carboniferous  limestone  and  coal-measures  were  de- 
the  millstone  grit ;  or,  in  other  words,  that  there  was  an 
)n  of  terrestrial  with  marine  remains, — showing  that  the 
rhich  effected  the  deposit  of  calcareous  matter  and  en- 
it  of  marine  remains  sometimes  predominated,  while  at 
transport  of  mud  and  sand  entombed  an  abundance  of 
is.  The  occurrence  of  marine  remains  amid  the  coal- 
,  it  will  be  observed  by  reference  to  the  foregoing  lists, 
ifined  to  Great  Britain,  but  is  also  remarked  in  different 
jrermany ;  so  that  the  same  modification  of  circumstances 
s  produced  a  mixture,  or  rather  alternation,  of  marine  and 
1  remains  in  Great  Britain,  has  extended  into  the  conti- 
Burope. 

is  another  class  of  appearances  connected  with  these 
ich  demands  our  attendon.  From  a  considerable  mix- 
orphyry  in  certain  situations  with  the  coal-measures,  it 
times  been  considered  that  this  rock  was  an  essential  and 
nt  part  of  the  group  under  consideration.  From  all 
it  may  be  concluded  that  porphyries  are  of  igneous  origin ;: 
he  same  reason  it  is  inferrea  that  the  coal-measures  and 
ompanying  beds  were  produced  by  aqueous  depositibn, 
efore  should  be  led  a  priori  to  consider,  that  two  sub- 
f  such  different  origin  did  not  necessarily  constitute  parts 
mon  whole,  but  that  their  admixture  was  accidental.  And 
consider  this  at  once  proved,  by  the  abimdant  occurrence 
aeasvires  without  porphyry,  such  as  is  so  commonly  the 
Ingland. 

\  sections  which  M.  Hofimann  has  presented  us  of  the 
sures  of  Wettin,  and  other  places  in  north-western  Ger- 
is  easy  to  conceive,  although  porphyry  occurs  both  above 
!ath  the  coal  strata,  that  the  latter  are  not  necessarily  of 
)raneous  formation;  on  the  contrary,  the  fractured  and 
I  state  of  the  beds  shows  that  great  violence  has  been  ex- 
pon  them,  precisely  such  as  would  be  expected  if  igneous 
1  burst  in  amidst  them,  when  among  other  accidents  we 
cpect  to  find  large  masses  of  coal-measures  caught  up  and 
in  the  porphyry,  as  we  find  masses  of  chalk  caught  up 
sloped  by  basalt  in  the  north  of  Ireland.  As  we  shaU 
I  the  subject  of  the  igneous  rocks  found  among  the  car- 
is  group  in  another  place,  the  above  notice  has  been  in- 
merely  to  show  that  the  supposed  connection  of  poi^ 
id  coal  strata  has  not  been  overlooked, 
the  similarity  of  general  circumstancea  odt^tL^daxL^fSGLVSQit 
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coal  strata,  we  have  reason  to  conclude,  although  the  seriei  may 
contain  more  limestone  at  one  place  than  at  another,  that  in 
Poland,  Western  Germany,  Northern  France,  Belgium,  and  the 
British  Isles,  there  were  some  common  causes  in  operation  at  the 
same  epoch,  producing  the  envelopment  of  a  great  abundance  of 
terrestrial  vegetables,  of  a  nature  that  could  not,  from  the  want 
of  the  necessary  heat,  now  flourish  in  the  same  latitudes. 
-  Proceeding  to  the  central  part  of  France,  we  find  severtl 
smaller  coal  deposits,  which,  more  particularly  from  their  organic 
character,  are  referred  to  the  carboniferous  epoch  of  which  we  are 
treating.  How  far  they  may  have  been  once  more  extensive  and 
continuous,  and  how  far  they  may  have  suffered  from  movement! 
in  the  land,  dislocations,  and  denudation,  we  are  not  certain ;  but 
we  are  certain  that  they  were  directly  deposited  on  granite,  mica 
slate,  gneiss,  and  other  rocks  of  that  character.  The  causes  there- 
fore which  produced  the  calcareous  beds,  sometimes  very  abun- 
dantly, in  the  countries  above  noticed,  have  not  extended  to  them. 
The  observed  phsenomena  are  however  sufficient  to  show  that  i 
vegetation  similar  to  that  of  the  more  northern  carboniferous  rocki 
is  there  entombed,  though  we  are  not  quite  assured  to  what  pre- 
cise period  their  formation  can  be  referred ;  for,  as  will  be  seen 
in  the  sequel,  similar  vegetables  are  detected  in  the  grauwacke 
fleries,  and  it  is  also  possible  that  they  might  be  discovered  in 
the  todtliegendes  under  the  zechstein.  The  precise  period  of 
any  particular  deposit  of  similar  vegetables  may  thus  be  sought 
through  a  considerable  lapse  of  time,  and  it  becomes  hazora- 
ous  to  fix,  without  very  good  evidence,  on  any  relative  por- 
tion of  that  time.  The  conglomerates  usually  referred  to  the 
old  red  sandstone  in  Northern  England,  sometimes  intervening 
between  the  upturned  grauwacke  rocks  and  the  carboniferous 
limestone  beds  resting  upon  them,  and  noticed  by  Prof.  Sedgwick 
and  other  geologists,  may  have  been  followed  by  a  coal  deposit 
where  circumstances  were  favourable ;  and  the  result  would  naTS 
been  a  formation  similar  to  the  deposits  of  central  France,  except 
that  the  subjacent  rocks  would  be,  perhaps,  more  ancient  in  the 
latter  case.  It  may  however  have  also  happened,  that  during  the 
grauwacke  deposit,  to  be  noticed  in  the  next  section,  circum- 
stances favoured  a  production  of  rocks  similar  to  those  of  St 
Etienne  and  other  places;  as  also  that  during  a  subsequent 
period,  one  equivalent  to  the  lower  part  of  the  red  sandstone  groniH 
a  similar  deposit  might  be  effected ;  for  as  rocks  may  be  violenuy 
disturbed  in  one  place  and  not  in  another,  so  may  they  also  be 

Suietly  formed  in  one  situation,  while  a  few  hundred  miles  distant, 
isruptions  of  strata  and  the  trituration  of  organic  remains  may 
have  taken  place,  so  that  no  trace  of  organic  life  may  be  left. 

Let  us  now  consider  the  mode  in  which  the  remains  of  terres- 
trial  vegetMes,  so  abundantily  ^leMived  in  the  coal  strata,  occur. 
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ley  ar6  for  the  most  part  laid  flat,  and  the  leaves  and  stems  pa- 
llel  to  the  line  of  stratification ;  but  there  are  other  cases  where 
ey  repose  at  various  angles  in  the  beds ;  and  finally  they  are 
md  vertical,  with  their  roots  downwards.  The  student  will  re- 
llect  that  this  is  precisely  the  manner  in  which  the  vegetables 
the  submarine  forests  are  found ;  and  if  several  submarine 
rests,  such  as  those  which  are  discovered  around  the  shores  of 
reat  Britain,  occurred  above  each  other,  with  the  intervention  of 
ndy  and  clay  beds,  we  should  have  a  series  of  deposits  not  very  un- 
:e  the  coal  strata,  so  far  as  regards  the  position  of  the  vegetable 
mains.  If  we  are  to  consider  parts  of  the  coal-measures  as  in  any 
w  resulting  from  a  series  of  similar  deposits,  we  are  certainly 
lied  upon  to  admit  a  very  remarkable  series  of  changes  in  tlie 
lative  surface  levels  of  land  and  water ;  but  there  are  also  very 
eat  difficulties  attending  the  supposition  that  the  vegetables  have 
ten  swept  by  strong  currents  of  water  into  the  positions  where  we 
}W  find  them ;  for  not  only  have  similar  effects  been  produced 
'er  considerable  areas,  but  the  vegetables  have  suffered  very 
tie  injury,  their  delicate  leaves  being  most  beautifully  preserved. 
ow  though  we  know  that  vegetables  are  abundantly  borne  down 
r  river  floods  into  the  sea,  they  by  no  means  remain  uninjured ; 
id  if  they  be  of  a  soft  nature,  such  as  the  bulk  of  the  coal 
ants  are  considered  to  have  been,  the  damage  done  them  by 
ansport  is  considerable,  as  I  have  had  occasion  to  remark  on 
e  coast  of  Jamaica,  where  arborescent  ferns  and  other  tropical 
•oductions  are  sometimes,  though  very  rarely,  carried  by  floods 
OFin  the  neighbouring  moimtains  into  the  sea.  In  the  few  cases 
bich  passed  under  my  observation,  the  fern-trees  were  so  da- 
^ed  in  the  river-courses  as  to  be  with  difficulty  recognisable  *. 
We  have  now  so  many  cases  in  France,  Germany,  and  Great 
ritain,  of  the  occurrence  of  some  coal  plants  in  a  vertical  posi- 
>n,  with  their  roots  downwards,  that  such  cases  can  scarcely  be 
insidered  as  accidental,  but  as  similar  to  the  vertical  stems  in  the 
:bmarine  forests,  and  therefore,  in  some  measure,  ais  charac- 
ristic  of  the  deposit  in  particular  situations. 
Mr.  Witham  has  brought  forward  some  good  examples  of  ver- 
sal  stems  in  the  carboniferous  rocks  of  Durham  and  Newcastle. 


*  The  height  at  which  arborescent  ferns  are  found,  would  seem  much 
depend  on  local  causes.     Thus,  on  the  southern  side  of  Jamaica  they 

•  not  flourish  much  under  an  elevation  of  2000  feet  above  the  sea ;  while 
I  the  northern  side  of  the  same  island  I  have  seen  them  at  not  more 
an  400  or  500  feet  above  the  same  leveL  The  cause  would  seem  to 
!  the  greater  moisture  of  the  northern  side.  .  It  would  therefore  appear 
at  a  considerably  moist  climate  would  be  necessary  for  the  abundant 
oducdon  of  this  class  of  plants  in  the  low  situations,  such  as  it  has 
en  imagined  the  lands  were  which  produced  the  mass  of  the  coaI^\a9Dk^^ 
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Two  stumps  or  stems  of  AS't^f7^ri<p  (Ferns)  are  described  as  stand- 
ing erect,  with  their  roots  imbedded  in  bituminous  shale,  in  the 
Derwent  Mines,  near  Blanchford,  Durham :  the  space  roimd 
them  was  cleared  out  to  obtain  the  lead  ore ;  and  one  plant  ii 
stated  to  have  been  about  five  feet  high,  and  two  feet  in  diameter. 
A  more  curious  case  was  observed  by  the  same  author  in  the 
Newcastle  district,  where,  in  sandstone  beneath  the  High  Main 
coal,  numbers  of  fossil  vegetables,  chiefly  StgiUaria^  are  discovered 
erect,  their  roots  imbedded  in  a  small  seam  of  coal  under  the 
sandstone,  while  they  are  all  truncated  on  the  line  of  the  High 
Main  coal  bed,  to  the  formation  of  which  their  higher  ends  have  \i 
in  all  probability  partly  contributed  ♦. 

Such  cases  as  these,  and  that  long  since  noticed  by  M.  ALBrong- 
niart  at  St.  Etienne  f,  where  numerous  stems  are  also  included  Qp  f  f 
right  in  coal  sandstone,  without  however  being  truncated  by  a  coal 
bed,  are  sufficient  to  show  the  very  great  analogy  which  exiitl 
between  them,  certain  submarine  forests,  and  the  dirt  bed  at  Pwl' 
land,  inasmuch  as  they  all  apparently  point  to  a  quiet  submergence^ 

We  may  have  some  difficulty  in  considering  the  deposition  cf  ^ 
sand  to  have  been  effected  so  quietly  amid  the  stumps  of  trees  ai 
not  to  have  washed  away  the  substances  in  which  tney  were  mr 
bedded ;  but  we  have  only  to  recollect,  that  among  the  submarine 
forests  round  our  shores,  if  once  any  of  them  were  at  such  a  deptk 
beneath  the  surface  of  the  sea  as  to  be  sufficiently  beyond  the  in- 
fluence of  the  waves,  they  would  become  quietly  covered  by  sand; 
for  the  velocity  of  water  sufficient  to  transport  this  sand,  would 
scarcely  disturb  the  trees.  The  principal  difficulty  attending  thii 
explanation  arises  from  the  repeated  oscillations  of  the  ground 
that  it  would  seem  to  require,  and  the  possible  decay  of  the  treei 
before  they  could  be  covered.  We  can  scarcely,  even  as  an  hypo- 
thesis, consider  all  coal  beds  as  having  been  thus  produced,  Hot 
a  large  proportion  seem  to  have  been  otherwise  formed ;  but  the 
difficulty  of  obtaining  an  abundance  of  vertical  stems  over  a  large 
area,  unless  by  quiet  submersion,  is  considerable ;  and  an  exjda^ 

*  Witham,    Observations  on  Fossil  Vegetables,  1831,  p.  7,   whoe 
there  is  an  illustrative  section. 

f  Annales  des  Mines,  1821. 

X  It  cannot  be  denied  that  under  particular  circumstances,  stems  (rf 
trees  preserving  a  vertical  position  may  be  forced  onwards  by  river  ioin- 
dations.  Thus,  snags,  or  trees  with  their  roots  downwards  and  only 
forced  by  the  current  from  a  vertical  position,  are  common,  so  as  to  be 
very  dangerous,  in  the  Mississippi ;  and  trees  were  forced  down  the 
valley,  during  the  debacle  of  the  Vallee  de  Bagnes,  and  left  standing 
with  their  roots  downwards,  at  Martigny.  These  facts  admit  of  easy 
explanation ;  for  if  trees  be  suddenly  detached  from  the  soil,  and  theb 
roots  loaded  with  stones  and  other  heavy  matter,  they  would  naturally 
ifoat  with  the  branches  upwards. 


\ 
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Lon  merely  requiring  a  wash  or  drift  of  vegetables  ^eompanied 
Band  and  silt,  such  as  might  take  place  at  the  delta  of  a  great 
iTy  appears  insufficient  for  the  phaenomena  observed,  more  par- 
ilarly  when  there  are  repeated  alternations  of  marine  remains 
b  vegetable  exuviae,  the  former,  as  far  as  we  can  judge  from 
logy  (the  Encrinites  and  Corals  for  example),  not  being  such  at 
jld.  be  found  in  estuaries.  The  occurrence  of  limestone  strata, 
idnuous  over  considerable  areas,  and  alternating  with  the  shales 
L  sandstones,  would  seem  to  require  comparative  tranquillity  for 
ir  production,  more  particularly  as  the  marine  shells  entombed 
them  have  evidently  not  been  subjected  to  violence,  but  appear 
have  been  imbedded  at  no  great  distances  from  the  places 
ere  they  lived  and  died. 

rhe  vegetable  remains  are  often  of  considerable  size.  M.  firong- 
act  observes  that  in  the  coal  strata  of  Dortmund,  Essen,  and 
chum,  stems  are  found  in  the  planes  of  the  strata,  more  than 
y  or  sixty  feet  long,  and  that  they  may  be  traced  in  some  of 
i  galleries  for  more  than  forty  feet  without  observing  their  natural 
tremities  *.  Vegetables  of  large  size  have  also  been  detected  in 
'eat  Britain.  Mr.  Witham  mentions  one  in  Craigleith  quarry  as 
ing  forty-seven  feet  in  length  from  the  highest  part  discovered 
the  root  The  bark  is  described  as  converted  into  coalf. 
Respecting  the  general  character  of  the  vegetation  of  this  period, 
ch  as  we  find  it  entombed  in  the  carboniferous  rocks  of  the 
rthem  hemisphere,  M.  Ad.  Brongniart  observes,  that  it  is  re- 
irkable;  1.  lor  the  considerable  proportion  of  the  vascular 
mtogamic  plants,  such  as  the  Equisetacees,  Filicesy  Marsileacea^ 
d  Lycopodiacea  ;  2.  for  the  great  development  of  the  vegetables 

this  class,  so  that  they  have  attained  a  magnitude  far  beyond 
oae  of  the  same  class  now  existing ;  thus  proving  that  circum- 
inces  wefe  particularly  favourable  to  their  production  during  the 
riod  under  consideration. 

As,  in  the  opinion  of  botanists,  islands  in  warm  countries  are 
irotirable  to  the  growth  of  Ferns  and  other  plants  of  the  same 
ktural  class,  not  only  from  the  presence  of  the  necessary  heat,  but 
>m  the  moisture  so  congenial  to  them,  it  has  been  considered  by 
M.  Sternberg,  Bou^,  and  Ad.  Brongniart,  that  the  vegetation  of 
is  period,  such  as  we  find  it  in  the  carboniferous  deposits  of 
urope  and  North  America,  was  the  growth  of  islands  scattered 

archipelagos.  If,  in  accordance  with  this  view,  we  suppose  the 
lands  to  have  been  low,  such  as  is  the  case  with  numerous  coral 
lands  in  the  Pacific  Ocean,  we  may  imagine  that  by  oscillations 
\  the  soil,  produced  by  movements  in  the  earth,  the  surface  co- 

*  Brongniart,  Tableau  des  Terrains  qui  composent  TEcorce  du  Globe. 
f  Witham,  Edinburgh  Journal  of  Natural  and  Geographical  Science, 
pril,  1831. 
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vered  by  a  dense  vegetation  might  alternately  be  sabmeiged  and 
raised  above  the  level  of  the  sea.  i 

When  we  come  narrowly  to  look  into  the  structure  of  the  coal 
measures,  the  vast  accumulations  of  shale  and  sandstones,  some-  ;: 
times  amounting  to  the  depth  of  460  feet  (Forest  of  Dean),  do  p 
not  precisely  accord  with  the  mere  oscillations  of  islands  abofe  !^ 
and  beneath  the  level  of  the  sea ;  for  these  accumulations  of  de-  h 
tritus  require  considerable  drift,  and  must  have  resulted  from  thi  b 
destruction  of  pre-existing  rocks,  mostly  siliceous,  and  therefore^  {;! 
if  solid,  requiring  much  time  for  their  degradation,  with  the  assist-  k 
ance  of  other  forces  than  the  mere  battering  of  the  surf  on  chif'  ^ 
ters  of  low  islands,  perhaps  defended,  like  those  in  the  Pacific^ 
by  coral  reefs. 

The  presence  of  larger  masses  of  land,  with  mountains,  riven^ 
and  other  physical  features  necessary  for  the  production  of  i 
larger  amount  of  detritus,  would  seem  requisite,  independent  d 
volcanic  eruptions,  and  other  exertions  of  internal  force,  for  Ik 
accumulations  we  observe.  The  oscillation  of  low  islands  ii^ 
therefore,  merely  brought  forward  as  the  possible  explanation  4 
some  of  the  observed  phaenomena,  and  the  student  must  be  carefid 
to  consider  it  only  in  that  light.  While  on  this  subject,  howevcf} 
it  may  be  as  well  to  notice  a  possible  explanation  of  some  of  tbe 
minor  alternations  of  limestones  with  marine  remains,  with  shalei 
and  coal  containing  terrestrial  remains  such  as  are  found  in  Ai 
millstone  grit;  because  such  hints,  without  attributing  any  parti- 
cular value  to  them,  very  frequently  lead  to  further  inquiry.  Si^ 
pose  a  tract  of  low  land  covered  with  a  dense  vegetation,  such  ai 
is  found  in  the  tropics,  to  be,  by  a  movement  in  the  earth,^-«B 
earthquake,  for  instance, — submerged  a  few  feet  beneath  the  set,-  |^; 
marine  animals  would  establish  themselves  on  the  submeiced 
surface,  which  would  become  in  the  condition  of  the  submaime 
forests  previously  noticed ;  and  the  consequence  would  probaUr 
be,  that  not  only  millions  of  testaceous  creatures  would  leave  thenr 
exuviae,  but  that  the  corals  would  also  swarm,  and  might  even- 
tually produce  coral  islands,  upon  which  vegetation  might  agn 
establish  itself,  to  be  again  submerged.  That  coral  islands  are  some- 
times raised  above  the  sea,  is  what  we  should  eiroect;  and  evidenee 
of  it  has  been  adduced  by  Captain  Beechey,  who  describes  Hen- 
derson's Island  (in  the  Pacific)  as  apparently  upheaved  by  one 
effort  of  nature  to  the  height  of  eighty  feet.  It  is  composed  cf 
dead  coral,  bounded  by  perpendicular  clifis,  which  are  nearly  en- 
compassed by  a  reef  of  living  coral,  so  that  the  clifis  are  beyond 
the  reach  of  the  spray*.    Now  depression  to  this  amount  might 

*  Beechey,  Voyage  to  the  Pacific  Ocean  and  Behring's  Straits,  p.  194. 
Descriptions  of  other  coral  islands,  with  sections  of  their  general  itnK- 
ture,  will  be  found,  pp.  160  audi  \^6  ol  \2el«  woda  "work. 
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1  easily  have  taken  place ;  in  which  case  the  vegetation  of  the 
land  would  have  heen  suhmerged  eighty  feet,  and  the  amount 
'  destruction  it  would  suffer  would  depend  on  the  greater  or  less 
iddenness  of  the  movement.  Such  movements  cannot  he  con- 
dered  great  when  regarded,  as  they  always  should  he,  with  re- 
rence  to  the  mass  of  the  world ;  for  we  have  proof  that  far 
reater  have  occurred,  and  the  differences  which  have  heen  pro- 
iiced  in  the  relative  levels  of  land  and  water  are,  when  viewed 
a  the  great  scale,  of  very  trifling  importance. 

According  to  M.  Ad.  Brongniart,  if  we  look  at  the  arhorescent 
nms  and  the  mass  of  the  other  plants,  we  must  consider  the  vege- 
ition  of  the  carboniferous  group  to  have  heen  produced  in  di- 
lates at  least  as  warm  as  those  of  the  tropics ;  and  as  we  now 
nd  plants  of  the  same  class  increase  in  size  as  we  advance 
>wards  warm  latitudes,  and  as  the  coal-measure  plants  exceed 
lie  general  size  of  their  existing  congeners,  he  concludes,  with 
lu^  apparent  probability,  that  the  climates  in  which  the  coal 
lants  existed  were  even  warmer  than  those  of  our  equinoctial 
^ons. 

xhis  view  leads  us  to  another  consideration.  There  certainly 
ras  a  similar  vegetation  about  the  same  period  (for  whether  the 
Lmerican  coal-measures  may  be,  like  those  in  parts  of  Ireland, 
(ymewhat  older,  does  not  alter  the  question,)  over  parts  of  Europe 
nd  North  America :  we  may  therefore  infer  a  similar  climate 
ver  a  large  portion  of  the  northern  hemisphere,  such  as  we 
lave  not  at  present,  for  it  was  at  least  tropical,  and  very  probably 
Itra-tropical.  The  question  naturally  arises.  Is  there  any  evi* 
ience  to  show  that  the  same  temperature  existed  at  the  same 
»eriod  in  the  southern  hemisphere?  for  if  there  is,  there  must 
Ave  been  some  common  cause  to  produce  such  an  equality  of 
liniate,  at  present  unknown  to  us.  Unfortunately,  the  actual 
tate  of  our  knowled&^e  will  not  permit  an  answer  to  this  question : 
mt  by  it  we  learn  the  importance  of  ascertaining  the  botanical 
iiaracter  of  the  various  rocks  in  the  southern  hemisphere,  more 
particularly  those  of  the  earliest  formation,  such  as  may  be  con 
idered  the  equivalents  of  the  carboniferous  and  grauwacke  groups 
>f  the  North. 

With  respect  to  the  testaceous  remains,  the  limestones  contain 
%  great  abundance,  not  only  of  species,  but  of  individuals  of  the 
renera  Spirifer  and  Producta.  Of  the  form  of  these  shells,  and 
y£  the  Cardium  hibernicum  and  C.  alaforme,  (the  latter  by  no 
means  a  rare  fossil  in  the  limestones  of  the  next  group,)  the  fol- 
lowing figures  will  afford  examples. 


Kg.  94.  Fig.  95,       Fig.  93.         Fig.  92. 

Ffe.  89.  Produela  Martini;  Fig,  90.  Spirifer  glaher ;  '. 
Spir^er  attenuatta;  Fig.  92.  Spirifer  ciapidatut;  Fig.  ' 
d  the  two  spiral  appendages  contained  in  Spirifer  tngo 
Fig.  94.  Cardium  hibemicum;  and  Fig.  95.  Cardium  Ma_ 

Of  the  vertebrated  creatures  which  may  have  existed 
period  our  knowledge  is  very  limited,'  but  it  may  be  obser 
theTritores  (or  palates  offish)  still  retain  phosphate  of  lii 
Dr.  Turner  ascertained  that  a  paiate  Irom  tile  carboniferoi 
stone  of  Bristol,  contained  24-4  per  cent,  of  phosphate  i 
the  remainder  being  carbonate  of  lime  and  bituminous 
the  latter  abundant.  A  palate  from  the  chalk,  examined 
purpose  of  comparison,  was  found  to  contain  18'8  per 
phosphate  of  lime,  the  remainder  being  carbonate  of  lim 
traces  of  bituminous  matter. 
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Section  IX. 


GRAUWACKE  GROUP. 

TN.-^Grauwacke  {Traumate,  Daubuisson).  Grauwacke  Slate  (Grau- 
wacke schistoide,  Fr. ;  Schiste  Traumatiqtcef  Daubuisson ;  Orauwacken- 
schiefevy  Genn.).  Grauwacke  Limestone  {Transition  Limestone^  Engl. 
Authors ;  Calcaire  de  TransitioHi  Calcaire  IntermSdiare,  Fr.  Authors ; 
Uebergangskalkstein,  Germ.  Authors.) 

T  has  been  observed  that  the  old  red  sandstone  of  some  countries 
raduates  into  grauwacke ;  whence  it  may  be  inferred  that  the 
lusesy  whatever  they  may  have  been,  which  produced  the  latter 
eposit,  were  not  violently  interrupted  in  such  situations,  but  that 
ley  were  gradually  modified, — if  indeed  it  be  necessary  to  con- 
der  the  old  red  sandstone  in  any  other  ligbt,  taken  generally, 
lan  the  upper  portion  of  the  grauwacke  series.  That  it  is  so,  » 
le  opinion  of  most  continental  geologists ;  and  where  the  one 
raduates  into  the  other,  such  an  opinion  seems  well  founded, 
'aiiations  in  the  classification  of  the  old  red  sandstone  would 
spear  solely  to  arise  from  its  mode  of  occurrence  in  the  particular 
iuntries  where  geologists  have  been  accustomed  to  observe  it. 
rhen  accidents  have  happened  to  the  grauwacke,  throwing  the 
rata  on  their  edges,  and  a  red  sandstone  or  conglomerate  de- 
jmt  intervenes  between  the  carboniferous  limestone  and  the 
Hbamed  beds,  classifications  made  in  the  countries  where  such 
iflenomena  prevail,  would  naturally  be  framed  so  as  to  separate 
le  (old)  red  sandstone  from  the  grauwacke  :  but  when  sucn  acci- 
mts  have  not  happened,  and  tne  carboniferous  limestone,  the 
tenrening  red  sandstone,  and  the  grauwacke  are  so  circum 
anced  that  the  two  former  rest  conformably  on  the  latter,  and 
Ley  all  graduate  into  one  another,  it  is  altogether  as  natural 
lat  the  old  red  sandstone  should  be  pronounced  the  upper  part 
*  the  grauVracke  series.  Nor  should  we  be  surprised  that  the 
irboniferous  limestone  should  also  be  included  in  the  group; 
•r  the  general  organic  character  of  the  whole  is  similar,  and  does 
3t  differ  more,  if  so  much,  as  the  upper  part  of  the  oolitic  group 
om  the  lower  portion  of  the  same  deposit,  or  as  the  chalk  from 
le  green  sand. 

Viewed  on  the  large  scale,  the  grauwacke  series  consists  of  a 
urge  stratified  mass  of  arenaceous  and  slaty  rocks  intermingled 
iui  patches  of  limestone,  which  are  often  continuous  for  consi- 
erable  distances.  The  arenaceous  and  slate  beds,  considered 
enerally,  bear  evident  marks  of  mechanical  ongixi)  XsmX.  ^'aX  ^1 
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the  included  limestones  may  be  more  questionable.    The  arena- 
ceous rocks  occur  both  in  thick  and  schistose  beds;  the  latter 
state  being  frequently  owing  to  the  presence  of  mica  disposed  in 
the  lines  of  the  laminas.    Their  mineralogical  character  varies    , 
materially;  and  while  they  sometimes,  though  rarely,  pass  into  a   I 
conglomerate,  they  very  frequently  graduate  into  slates,  which   : 
become  of  so  fine  a  texture  as  to  lose  the  arenaceous  character   I 
altogether.    Roofing-slate  is  not  rare  among  the  grauwacke  rocb;  .^^_ 
and  if  we  consider  it  of  mechanical  origin,  like  the  mass  of  tk  L  ^ 
strata  among  which  it  is  included,  we  must  suppose  it  to  han  L^ 
originated  from  the  deposition  of  a  highly  comminuted  detritm.    L  ^ 

If  the  size  of  transported  substances  be  considered  as  the  neoef>  »^ 
sary  evidence  of  rapid  currents  of  water,  the  grauwacke  rod^  ^^ 
taken  as  a  mass,  have  been  slowly  deposited;  for  though  evideneei  ^ 
of  cross  currents  are  sufficiently  abundant  in  the  various  directioM  ^ 
of  the  laminae,  and  in  the  mode  in  which  arenaceous  and  sla^ 
beds  are  associated  with  each  other,  the  substances  are  eenenl^ 
fine-grained,  rarely  passing  into  conglomerates.  A  rapid  cuncrt 
would  however  not  appear  to  require  large  pebbles  as  the  nsc» 
sary  evidences  of  its  existence  at  any  given  period,  althougli  lAa 
large  pebbles  are  present  we  infer  that  sinall  currents  Sf  waM 
could  not  have  transported  them ;  for  the  size  of  the  substflMi 
transported  by  a  current  moving  with  considerable  velocity  il 
greatly  depend  on  the  surface  over  which  it  passes  and  the  natm 
of  the  substances  carried  onwards.  Thus,  if  sandstones  bavins  M 
great  induration  be  rapidly  transported  over  a  hard  surfiu^e,  ww 
the  moving  mass  cannot  tear  up,  but  merely  erode,  the  sandstoa* 
will,  by  trituration,  be  converted  into  sand,  and  be  deposited  il 
the  first  favourable  situation,  with  the  addition  of  the  small  detriM 
derived  from  the  erosion  of  the  hard  rock.  The  same  may  to  I 
certain  extent  happen  when  more  compact  fragments  are  wisbfli 
about  upon  a  hard  surface  of  rock  for  a  considerable  time,  so  thil  11 
they  may  be  ground  down  into  sand  and  mud.  Perhaps  from  dii 
absence  of  organic  remains  in  a  large  proportion  or  the  arcasp 
ceous  part  of  mis  deposit,  and  their  abundance  in  some  of  the  mr 
eluded  limestones,  we  might  infer  that  there  had  been  somethiM 
in  the  transport  and  deposit  of  the  sands  unfavourable  to  thfl 
preservation,  such  as  trituration  in  waters  moving  with  n^udi^* 
There  is,  however,  a  general  appearance  in  the  mass  of  ttt 
grauwacke  which  would  lead  us  rather  to  consider  a  great  poitiaB 
of  it  of  slow  deposition. 

It  is  by  no  means  an  uncommon  circumstance  for  the  lamiilc 
of  the  slates  of  this  group  to  be  so  arranged  as  to  form  variooi 
angles  with  other  lines,  which  may  be  considered  as  those  of  thi 
beds,  or  of  stratification.  Of  this  structure  the  annexed  sectioo  of 
^auwacke  slates  at  Bovey  Sand  Bay  on  the  east  side  of  Plymoatli 
^und,  affords  us  an  instmc^xe  c^om^V^. 
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:i 


Crrauwacke  Oraup, 
Fig. 


b  a  a  f 

a  a,  curved  beds  of  slate,  the  laminae  of  which  meet  the  apparent 
nes  of  stratification  at  various  ancles,  being  even  perpendicular 
>them.  The  beds  are  cut  off  by  the  fault  (/)  from  the  slates  c, 
le  laminae  of  which  are  more  confusedly  disposed,  having  how- 
ver  a  general  horizontal  arrangement.    The  whole  is  covered  by 

detritus  (b  b)  composed  of  fragments  of  the  same  kind  of  slate 
■  tbat  on  which  it  reposes,  and  of  the  various  grauwacke  rocks  of 
to  hill  behind. 

The  origin  of  the  limestones  is  of  far  more  difficult  explanation 
!ian  the  sandstones  and  slates  in  which  they  are  included.  We 
■nnot  well  seek  it  in  the  destruction  of  pre-existing  calcareous 
Bcks ;  for  as  far  as  our  knowledge  extends,  such  rocks  are  of  com- 
ozative  rarity  among  the  older  strata.  In  fact,  the  quantity  of 
felcareous  matter  present  in  the  grauwacke  group  greatly  exceeds 
bat  discovered  in  the  older  rocks ;  and  the  same  remark  applies 
>  many  of  the  newer  deposits  when  considered  with  reference 
)  the  grauwacke  series.  If  we  take  the  mass  of  deposits  up  to 
lie  chalk  inclusive,  we  shall  find  that,  instead  of  a  decrease  of 
vhonate  of  lime,  such  as  we  should  expect  if  that  contained  in 
■ch  deposit  originated  solely  from  the  destruction  of  pre-existing 
inestones,  the  calcareous  matter  is  more  abundant  in  the  upper 
lian  in  the  lower  parts  of  the  mass ;  and  we  may  hence  conclude 
lat  this  explanation  is  insufficient. 

If;  as  has  been  done  with  other  limestones,  we  attribute  the 
rigin  of  the  grauwacke  limestones  in  a  great  measure  to  the 
roviae  of  testaceous  animals  and  pol3rpifers,  we  must  grant  the 
oimals  carbonate  of  lime  with  which  to  construct  their  shells  and 
>lid  habitations.  This  they  may  have  obtained  either  in  their 
»od  or  from  the  medium  in  which  they  existed.  The  marine  ve- 
etablesare  not  likely  to  have  supplied  tjiem  with  a  greater  abun- 
ance  of  carbonate  of  lime  at  that  time  than  at  present.  Those 
lat  were  carnivorous  might  acquire  much  carbonate  of  lime  by 
evouring  other  animals  more  or  less  possessed  of  this  substance  : 
at  the  difficulty  is  by  no  means  lessened  by  this  explanation  ;  for 
le  creatures  devoured  must  have  procured  the  lime  somewhere, 
t  would  appear  that  we  should  look  to  the  medium  in  which  tes* 
iceous  animals  and  polypifers  existed,  for  the  greater  proportion, 
r  not  all,  of  the  carbonate  of  lime  with  which  they  constructed 
beiT  shells  and  habitations.  Now  if  we  consider  the  mass  of  lime- 
tone  rocks  to  have  originated  from  the  exuN\»oiTX^»rai^^T&(SAi%^ 
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we  are  called  upon  to  consider  that  carbonate  of  lime  was  once  n^ 
far  more  abundant  in  the  sea  than  we  now  find  it^  and  that  it  hai  ;^ 
been  gradually  deprived  of  it.  This  supposition  would  lead  us  to  i^^j: 
expect,  that  as  the  sea  was  gradually  deprived  of  its  carbonate  tf  ^ 
lime,  limestone  deposits  would  become  less  and  less  abundant ;  and  ;  ],. 
consequently,  that  calcareous  rocks  would  be  most  conunon,  wbci 
circumstances  were  most  favourable,  that  is  to  say,  duriog  the 
formation  of  the  older  rocks.  This,  however,  is  precisely  the  r- 
verse  of  what  has  happened.  Hence  we  may  infer  that  the  origii  w^ 
of  the  mass  of  limestone  deposits  must  be  sought  otherwise  t£a 
in  the  attrition  or  solution  of  older  and  stratified  rocks,  or  finoB  _ 
the  exuviae  of  marine  animals  deriving  their  solid  parts  from  a  l^ 
sea  which  has  gradually  been  deprived  of  nearly  all  its  carboiuite 
of  lime.  Both  these  causes  may  have  eventually  produced  i». 
portant  modifications  on  the  surface  of  the  earth  ;  but  the  grat 
proportion  of  lime  necessary  for  the  formation  of  the  calcareov 
masses  covering  a  considerable  part  of  it,  would  appear  to  ham 
been  otherwise  obtained. 

.  It  has  been  usual  to  consider  the  lime  of  calcareous  depositor 
derived  from  limestone  rocks,  through  which  waters  charged  wlk  IJ,^ 
carbonic  acid  percolated,  the  carbonic  acid  dissolving  a  ceTtak 
portion  of  the  lime,  which  is  thus  held  in  solution  by  the  water  noil 
it  reaches  the  surface,  where  it  is  thrown  down  in  the  shape  (it 
limestone.  This  explanation  may  suffice  for  the  small  depositsm 
observe  in  calcareous  countries,  but  is  insufficient  for  the  prodiV' 
tions  of  limestones  generally ;  for  it  assumes  that  the  solution  of  I 
small  quantity  of  lime  obtained  from  older  rocks  is,  as  previouity 
noticed,  capable  of  producing  an  immense  deposit  of  the  sani 
substance.  We  know  that  carbonic  acid  is  now  discharged  inti 
the  atmosphere  from  the  earth  by  means  of  volcanos,  fissures,  anl 
springs,  and  we  have  no  reason  to  doubt  that  this  has  been  tb 
case  during  a  long  succession  of  ages ;  indeed  we  have  erery 
reason  to  believe  that  such  discharge  of  carbonic  acid  formed  I  kj^ 
part  of  the  great  economy  of  nature,  for  without  this  aid  we  shooU  |^ 
nave  much  difficulty  in  explaining  the  abundance  of  carbon  ui 
carbonic  acid  now  locked  up  in  coal  deposits  and  limestones,  al  kJ 
of  which  have  clearly  been  produced  successively  on  the  eaitk'l 
surface.  Lime  has  been  derived  somewhere ;  and  we  have  reasoi 
to  believe  from  the  interior  of  the  earth,  otherwise  there  is  a  diffi* 
culty  in  explaining  the  observed  phsenomena.  The  reason  why 
extensive  tracts  of  carbonate  of  lime  have  been  produced  at  one  i^ 
time  more  than  at  another  is  not  quite  so  apparent ;  but  it  may  i. 
be  observed,  as  a  mere  conjecture,  that  as  tnis  substance  is  not  ^ 
very  unfrequent  in  volcanic  regions,  great  disruptions  of  strati  ^ 
may  have  produced  circumstances  favourable  for  its  deposttioa^  ^ 
and  that  without  disturbances,  carbonate  of  lime  may  have  been  t 
thrown  upwards  in  water,  tkxow:^  ^^asrax^^  more  abundantly  st    ^ 
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i  time  than  at  another,  from  causes  unknown  to  us.  Be  this  ai 
nay,  the  limestones  in  the  grauwacke  series  most  frequently 
I  in  lines  parallel  to  the  general  direction  of  the  heds ;  and 
ioush  the  calcareous  matter  may  not  he  altogether  continuous, 
re  has  evidently  heen  some  cause  in  operation  at  the  same 
le,  within  a  given  district,  more  favourable  to  the  production 
Ihnestone  than  at  another.  It  is  also  worthy  of  attention  that 
m  the  limestones  occur,  then  also  do  the  organic  remains  ge- 
rally  become  more  abundant,  appearing  as  if  the  calcareous 
iks  and  the  organic  remains  were  connected  with  each  other 
lat  the  animals,  by  secreting  carbonate  of  lime  from  the  medium 
which  they  lived,  sometimes  contributed  considerably  to  the 
IS8,  we  are  certain,  as  their  remains  now  constitute  a  large 
rtion  of  it ;  but  that  they  were  the  means  through  which  all 
e  carbonate  of  lime  was  derived  from  the  waters,  may  very 
ifiiy  be  doubted,  more  particularly  as  in  certain  districts  not  a 
lee  of  animal  exuviae  can  be  detected  in  such  limestones.  If 
rbonate  of  lime  were  present  in  some  situations  and  not  in 
bers,  animals,  such  as  the  Crinoidea,  Testacea,  and  Polypifert, 
mid  naturally  flourish  more  in  the  former  than  in  the  latter,  as 
ev  could  there  more  readily  obtain  the  lime  necessary  for  them, 
la  we  should  consequently  expect  to  find  their  remains  more 
mmon  there  than  elsewhere.  In  limestones  devoid  of  organic 
mains  we  appear  to  have  evidence  of  carbonate  of  lime  being 
ihndant  in  such  situations  unconnected  with  animal  life,  and  we 
ay  consider  it  derived  from  the  interior  and  dispersed  through  the 
Iters  over  a  given  space,  where  it  has  been  gradually  deposited. 
hen,  however,  theremainsof  shells  and  corals  are  present,  and 
arly  constitute  the  mass  of  the  rock,  other  causes  may  have  pro- 
ced  the  effects  required,  precisely  as  coral  reefs  and  accumula- 
ns  of  shells  now  occur  in  one  place  and  not  in  another,  either  in 
risequence  of  shelter,  proximity  to  the  surface  of  the  sea,  or  other 
^ourable  circumstances. 

Be  the  general  origin  of  the  grauwacke  limestones  what  it  may, 
}  causes  which  produced  them  were  destined  to  cease  during 
»  deposit  of  the  grauwacke  itself,  and  a  series  of  sandstones  and 
ilea,  similar  for  the  most  part  to  those  beneath,  were  accumu- 
ed  upon  them.  In  some  disti'icts,  such  as  the  North  of  Devon, 
>re  has  been  a  return  of  causes  favourable  to  the  deposit  of 
lestone,  aud  two  bands  parallel  to  each  other  have  been  pro- 
ced. 

lu  other  districts  more  limestones  have  been  formed,  while  in 
ne  they  are  nearly  absent ;  a  state  of  things  we  should  expect 
m  variations  produced  by  local  circumstances  on  similar  general 
ises  in  operation  over  a  considerable  area. 
The  grauwacke  sometimes  assumes  a  red  colour  in  the  midst  of 
ds  of  the  usual  jgray  and  brow:n  tints  (South  oi  Y^«^c»\i)  ^^t(^- 
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brokeshire,  Nonnandy,  &c.))  and  is  tihen  imdistiiigiiiiiial 
the  old  red  sandstone  of  English  geologists*. 

Beds  and  even  accumulations  of  strata  are  sometimes 
with  the  common  grauwacke  and  grauwacke  slate,  which 
show  a  variation  in  the  mode  of  deposit  Thus,  flinty  sU) 
times  associated  in  this  series  (Devonshire,  &c.),  is  ezo 
compact,  and,  as  its  name  implies,  is  principaUy  composed 
the  rock  having  much  the  appearance  of  a  deposit  from ' 
which  silica  was  chemically  dissolved  f. 

We  have  sometimes  also  heds  which,  in  mineralogical  c 
tion,  greatly  resemhle  certain  igneous  rocks,  known  by  tl 
of  greenstones,  comeans,  &c ;  and  though  we  may  feelsom 
tion  in  admitting  such  compoimds  as  forming  an  original 
of  the  grauwacke  series,  not  injected  amid  divisions  of  tl 
by  violence  after  deposition,  such  heds  are  nevertheless  soi 
so  continuous,  without  an  apparent  connection  with  a : 
trappean  or  igneous  rocks,  thaf^  to  sa^  the  least  of  it,  thei 
is  very  problematical.  From  the  facility  with  which  beds 
nature  may  often  be  traced  to  masses  of  similar  rocks,  as 
ample  in  Devonshire  and  Pembrokeshire,  we  may  be  more  J 
to  refer  such  included  beds  generally  to  the  mere  filling 
fissure  by  igneous  matter,  wmch  may,  on  the  surface  ex[ 
us,  appear  interstratified  with  the  grauwacke.  But  as  in  t 
group  we  shall  observe  stratified  and  similar  compounds 
would  appear  to  have  been  originally  arranged  in  beds, 
not  always  certain  that  the  beds  in  question  have  not  ah 
contemporaneously  produced  with  those  among  which  t 
included. 

From  the  advance  of  geology,  many  districts  which  w 
merly  considered  as  composed  of  grauwacke,  are  now  reft 
less  ancient  deposits,  and  consequently  the  surface  occu] 
grauwacke  is  much  less  extensive  than  was  formerly  su 
Thus  large  portions  of  the  Alps  and  of  Italy  have  been  d 
of  their  supposed  antiquity,  wnich  had  been  founded  on  tb 
ralc^cal  structure  of  the  deposits. 

lie  grauwacke  group  occurs  in  Norway,  Sweden,  and 
It  forms  a  portion  of  southern  Scotland,  whence  it  range 

*  This  circumstance  renders  the  determination  of  those  lime 
Southern  Devonshire  which  are  much  broken  by  faults,  greatly  d 
and  contorted,  or  much  concealed  by  superincumbent  (new)  n 
stones,  exceedingly  difficult  This  difficulty  is  particularly  fdi 
vicinity  of  Tor  Quay,  where,  however,  the  limestones  of  the  i 
side  of  Tor  Bay  would  certainly  appear  to  be  included  in  the  gn 
series,  as  is  shown  by  coast  sections,  and  their  prolongation  to  t 

t  The  student  will  recollect  that  under  the  head  of  Deposi 
iSlprings,  siliceous  beds  were  noticed  as  having  been  produced  by 
don  from  thermal  waters  \n  IceXandi  «xidi  ^«  Kiax«^ 
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eaks  formed  by  newer  deposits  or  the  Bea,  down  western  £n- 
and,  into  Normandy  and  Brittanny.  It  appears  abundantly  in 
eland.  A  laree  mass  of  it  is  exposed  in  the  district  constituting 
te  Ardennes,  we  Eifel,  the  Westerwald,  and  the  Taunus.  An- 
her  mass  constitutes  a  large  portion  of  the  Hartz  mountains, 
hile  smaller  patches  emerge  in  other  parts  of  Germany,  on  the 
nth  of  Magdeburg,  and  other  places.  In  all  these  situations 
lere  is,  notwithstanding  small  variations,  a  general  and  pre- 
liling  mineralogical  character,  which  points  to  a  common  mode 
'  formation  over  a  considerable  area.  From  all  the  accounts 
iso  that  have  been  presented  to  us  by  Dr.  Bigsby  and  the  Amo- 
cau  geologists,  we  have  every  reason  to  consider  that  a  deposit 
kisely  agreeing  in  relative  antiquity,  and  in  its  general  mine- 
ilogical  and  zoological  characters,  exists  extensively  in  North 
Unerica :  so  that  there  is  evidence  to  show  that  some  general 
iuses  were  in  operation  over  a  large  portion  of  the  northern  hemi- 
j^erie,  and  that  the  result  was  the  production  of  a  thick  and  ex- 
BDsive  deposit  enveloping  animals  of  similar  organic  structure 
<ver  a  considerable  surface  *. 

Organic  Remains  of  the  GrauwacJce  Group. 

Flantje. 
AlgtB, 

1.  Fucoides.antiquus,  Ad,  Brong,     Christiania,  Sweden,  Ad. 

Brong, 

2.  '   circinatus.  Ad.  Brong.  Kinnekulle,  Sweden,  Ad.Brong 
,  species  not  determined.     South  of  Ireland,   Weav. 

Equisetacete* 

1.  Calamites  radiatus.   Ad,  Brong,    Bitschweiler,   Haut  Rhin, 

Ad.  Brong. 

2.  Voltzii,   Ad.  Brong.     Zimdsweiher,   Baden,  Ad. 

Brong, 

,  species  not  determined.      S.  of  Ireland,   Weav.  ; 

Val  St.  Amarin,  Haut  Rhin,  Hoen, 

Filices, 

1.  Sphenopteris  dissecta,  Ad,  Brong,      Berghaupten,    Baden, 

Ad,  Brong. 

•  It  was  considered  useless  to  present  a  long  detail  of  the  exact  areas 
ecupied  by  the  grauwacke  rocks,  as  the  student  will  comprehend  moiv 
f  a  single  glance  at  good  geological  maps  of  any  given  country, — such 
iGreenough's  map  of  England,  Hoffmann's  North- Western  Germany, 
leynhausen,  La  Roche,  and  Von  Decken's  Countries  near  the  Rhine, 
ad  Pe  Beaiunont  and  Dufr^noy's  France, — ^than  by  long  and  tedious 
etciiptions. 
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1.  Cydopteris  flabellata,  Ad,  Brong,    Berghaupten,  Baden,  Ai 

Brmig, 
1.  Pecopteris  aspera,  Ad,  Brong,    Berghaupten,  Ad,  Brtmg, 

1,  Sigillaria  tessellata,  Ad.  Brong,    Berghaupten,  Ad,  Brong, 

2.  — r-< Voltzii, , Ad,  Brong.    Zuncbweiner,  Ad,  Brong. 

LycopodiacetB, 

Lepidodendron,  several  species  not  determined.  Beigbanpta 

and  Bitschweiler,  Ad,  Brong, 
1.  Stigmaria  ficoides,  Ad,  Brong,    Bitschweiler^^ii  JSrof^. 

Class  doubtful, 

1.  Asteropbyllites  pygmaea,    Ad,  Brong,     Berghaupten,  Ai 

Brong, 

ZOOPHYTA. 

1.  Manon  cribrosum,  Goldf,    Rebinghausen,  Eifel,  GoU^. 

2.  favosum,  Goldf.    Eifel,  Goldf. 

1.  Scyphia  conoidea,  Goldf.     Nieder-Ehe,  Eifel,  Goldf, 

2.  costata,  Goldf     Eifel,  Goldf. 

3.  turbinata,  Goldf,     Eifel,  GolJf 

4.  clathrata,  Goldf    Eifel,  GolJf. 

1 .  Tragos  acetabulum,  Goldf     Keldenich,  Eif(^l,  Goldf 

2.  — capitatum,  Goldf.     Bensberg,  Prussian  Prov.,  Gdif' 

1.  Gorgonia  antiqua,  Goldf     Eifel;  Ural,  Goldf 

1 .  Stromatopora  concentrica,  Goldf.     Eifel,  Goldf 

2.  polymorpha,  Goldf.     Eifel ;  Bensberg,  Gcldf. 

Madrepora,  species  not  determined.    Gloucestersbure;  HeR' 

fordshire ;  S.  of  Ireland,  JVeav. 

1.  Cellepora  antiqua,  Goldf     Heisterstein,  Eifel,  Goldf. 

2.  favosa,  Goldf.     Eifel;  Dudley,  Goldf, 

,  species  not  determined.     Gloucestersbire;  Here- 
fordshire, Weav. 

1 .  Retepora  antiqua,  Goldf    Heisterstein,  Eifel,  Goldf 

2.  prisca,  Goldf     Eifel,  Goldf. 

,  species  not  determined.  Gloucestershire;  Here- 
fordshire ;  S.  of  Ireland,   Weav. 

Flustra,  species  not  determined.  Gloucestershire,  Hereford- 
shire ;  S.  of  Ireland,  Weav, 

1.  Ceriopora  verrucosa,  Goldf.  Bensberg,  Pruss.  Prey.,  GoUf. 

2.  affinis,  Goldf     Eifel ;  Dudley,  Goldf 

3 punctata,  Goldf     Eifel ;  Dudley,  Goldf, 

4.  — ^- granulosa,  Goldf     Eifel ;  Dudley,  Gold^, 

5.  ■- oculata,  Goldf.     Eifel ;  Dudley,  Goldf 

1.  Agaracid  lobata,  Goldf     Eifel,  Goldf 

1.  Lithodendron  caespitosum,  Goldf.     Bensberg,  Goldf, 
Caryophyllia,    species   not    determined.     Gloucestenhiie; 
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1.  AntHophyllum  bicostatum,  Goldf.  Heisterstein,  Eifel,  Gold/, 
Turbinolia,  species  not  determined.     Gloucestershire;  Here- 
fordshire ;  S.  of  Ireland,  Weav, 

1.  Cyothophyllum  Dianthus,  Goldf.    Eifel,  Goldf. 

2.  radicans,  Goldf    Eifel,  Goldf 

3. marginatum,  Goldf    Bensberg,  Goldf 

4, explanatum,  Goldf.    Bensberg,  Goldf. 

5, turbinatum,  Goldf    Eifel,  Goldf. 

^.  hypocrateriforme,  Goldf    Eifel,  Goldf. 

7. Ceratites,  Goldf    Bensberg ;  Eifel,  Goldf 

8. flexuosum,  Goldf    Eifel,  Goldf. 

9,  vermiculare,  Goldf.    Eifel,  Goldf 

.©, vesiculosum,  Goldf    Eifel,  Goldf 

;  1. secundum,  Goldf    Eifel,  Goldf 

2. lamellosum,  Goldf     Eifel,  Goldf 

3. placentiforme,  Goldf.    Eifel,  Goldf 

4  quadrigeminum,   Goldf.       Eifel;    Bensberg, 

>5.  — csespitosum,  Goldf     Bensberg;  Eifel,  Goldf. 

L  6. hexagonum,  Golaf    Bensberg ;  Eifel,  Crolaf 

L  7. helianthoides,    Go/^/*.     Eifel ;   Lake  Huron, 

Goldf 
1.  Strombodes  pentagonus,    Goldf     Drummond  Island,  Lake 

Huron,  Goldf 
1.  Astrea  porosa,  Goldf.    Eifel;  Bensberg,  Goldf. 

,  species  not  determined.     Gloucestersmre ;  Hereford- 
shire ;  S.  of  Ireland,  Weav. 
1.  Columnarla  alveolata,  Gol^.    Senekasee,  New  York,  Goldf 
1.  Coscinopora  Flacentsi,  Goldf.    Eifel,  Goldf 

1.  Catenipora  escharoides,  Lam.    Eifd;  Norway;  Drummond 

IsL,     Goldf  ;    Ratoska,     Gov.    of    Moscow^ 
Fischer. 

2.  — — ^—  labyrinthica,     Goldf.      Groningen ;    Drummond 

Island,  Goldf 

3.  tubulosa.  Lam.    Chiistiania,  Al.  Brong. 

,  species  not  determined.     Gloucestershbe ;  Here- 
fordshire, Weav. 
1.  Syringopora  verticiUata,  Goldf.    Drummond  Isl.,  Goldf 
Tubipora,  species  not  determined.     Gloucestershire;  Here- 
fordshire, Weav. 

1.  Calamopora  alveolaris,  Goldf     Eifel,  Goldf. 

2.  — -.  favosa,  Goldf.    Drummond  Isl.,  Goldf 

3.  Gothlandica,  Goldf.    Eifel,  Goldf 

4.  basaltica,    Goldf     Eifel;  Gothland;   Lake  Erie, 

Goldf 

5.  infundibulifera,  Goldf.    Eifel ;  Besenberg,  Goldf. 

^.  polymoipha,  Goldf.    Eifel-,  Bcna^aet^,  GoldJ. 
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7.  Calamopora  spongites,    Goldf.    Eifel;   Bensberg;  Sweden; 

Dudley,  Goldf. 

8.  fibrosa,  Goleff.    Eifel;   Bensberg,  Goldf 

1.  Aulopora  serpens,   Golcff,    £ifel,   Goldf;   Chxistiaiiia,  Al 

Brong, 

2.  tubiformis,  Goldf    Eifel,  GoUf 

3.  spicata,  Goldf,    Eifel ;  Bensberg,  Goldf 

4.  conglomerata,  Goldf    Bensberg,  GMf 

1.  Favosites  Gothlandica,  Lam.      Sloeben-Aker ;  Cbristunia: 

Eifel ;  Catskill ;  Batavia,  New  York,  Al,  Bmg 

2.  ■■-  Bromelli,  MSnafd  de  la  Groye.    Nebou,  Al. Brong 

3.  truncata,  Bajlnesqtie,    Kentucky,  Al.  Brong. 

4.  Kentuckensis,  Baf    Kentucky,  Al.  Brong. 

5.  Boletus,    Minard  de  la   Groye.      Cbristiania,  Al 

Brong. 
1.  Mastrema  pentagona,  B(rf.     Garrard,  Kentucky,  Al.  Brong 
1.  Amplexus  coralloides,  Miller.     Soutb  of  Ireland,    Went., 

Montecbaton,   near  Coutances;    Catskill,  Nei 
York,  Al.  Brong. 
,  species  not  determined.     Plymouth,  Hennah. 

Radiaria. 

1.  Pentacrinites  priscus,  Goldf     Eifel,  Goldf. 

1.  Actinocrinites  moniliformis,  Miller.     S.  of  Ireland,  Weax. 

2. triacontadactylus,  .Miller.     South  of  Ireland 

Weav.;  Eifel,  Goldf 

3.  -  laevis,  Miller.     Eifel,  Goldf. 

4. cingulatus,  Goldf     Eifel,  Goldf. 

5.  muricatus,  Goldf    Eifel,  Goldf 

6.  _.._^  nodulosus,  Goldf     Eifel,  Goldf 

7.  monUiferus,  Goldf     Eifel,  Goldf 

8. tesseratus,  Goldf     Eifel,  Goldf 

^,  species    not    determined.      GloucestewliiKi 

Herefordshire,  Weav. 
1.  Cyathocrinites  tuberculatus,  il/t^er.    South  of  Ireland,  fFfflr*: 

Dudley?  Miller;  Rhenish  Prov.,  Goldf. 
2. ■  rugosus.  Miller.     Shropshire;  Herefordshhfl 

Isl.   of  Oeland;  Dalecarlia,  Miller;  Eiftl 

Goldf 
3. geometricus,  Goldf     Eifel,  Goldf. 

4.  pinnatus,  Goldf.    Eifel,  Goldf 

• ,   species    not  determined.       GloucestershiR 

Herefordshire,  Weav. 

1.  Platycrinites  laevis.  Miller.     Cork,  Weav. 

2.  pentangularis,  Miller.    Dudley ;   Dinevar  PsH 

Wales,  Miller, 
3.  I      TUgosxift,  Miller.  ^^^Xa^^EMwoL^Baiieuth,  Chl^ 
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4.  Platycnnites  ventricosus,  Goldf,     Eifel,  Goldf. 

1.  Rhodocrinites  verus,  Miller.     Dudley,  Miller;  Eifel,  Goldf, 

2.  gyratus,  Goldf.    Eifel,  Goldf. 

3.  quinquepariitus,  Goldf.    Eifel,  Goldf. 

4.  ' canaliculatus,  Goldf.    Eifel,  Goldf. 

5.  •  crenatus,  Goldf.    Eifel,  Goldf. 

1 .  Melocrinites  laevis,  Goldf.    Regnitzlosau,  Baireuth,  Goldf, 

2.  gibbosus,  Goldf.    Eifel,  Goliff. 

1.  Cupressocrinites  crassus,  Goldf.     Eifel,  Goldf. 

2,  gracilis,  GMf.    Eifel,  Goldf 

1.  Eugeniacrinites  mespiliformis,  Goldf.    Eifel,  Goldf. 
1.  Eucalyptocrinites  rosaceus,  Goldf    Eifel,  Goldf. 

1.  Sphaeronites*  Pomum,  Wahl.    Isl.  of  Oeland  ;  Kinnekulle, 

in   Vestrogothia ;    Dalecarlia,  A.;    Tzarko- 
Sselo,  near  St.  Petersburgh,  ^l.  Brong. 

2.  Aurantium,  Wahl.  Mosseburg,  Vestrogotbia,-^. 

8.  ■ granatum,  Wahl.   Furudal,  Dalecarlia ;  Boeda- 

bamn,  Isl.  of  Oeland,  A. 

4.  Wablenbergii,  Esmark.      Gulf  of  Cbristiania, 

Al.  Brong, 

Annulata. 

1.  Serpula  epitbonia,  Goldf.     Bensberg,  Golctf. 

2.  ammonia,  Goldf.     Eifel,  Goldf.  « 

3.  ompbalodes,  Goldf    Bensberg;  Eifel,  Goldf. 

4.  socialis,  Goldf.    Eifel,  Goldf, 

CONCHIFERA. 

1.  Tbecidea?  antiqua,  Horn.    Gerolstein,  Hoen. 

1.  Spirifer  speciosus,  Bronn.     Eifel,  Holl. 

2.  cuspidatiis,  Sow.      Eifel,  Holl. ;  Soutb   of  Ireland, 

Weav. ;    Bensberg ;    Blankenbeim,  Hoen.  ;    Ply^ 
moutb,  Hennah. 

3.  glaber,   Sow.      S.  of  Ireland,   Weav. ;   Plymoutb  ? 

Hennah. 

4.  obtusus,  Sow.     S.  of  Ireland,  Weav. 

5.  striatus.  Sow.     S.  of  Ireland,  Weav. 

6.  pinguis,  Soiv.     S.  of  Ireland,  Weav. 

7.  intermedius ^,  Schlot.     Gloucestershire;    Hereford- 

shire,  Weav.;   Eifel;  Alleghany  Mountains,  Al. 
Brong. 

8.  alatus,  Sow.     En  v.  of  Coblentz,  Al.  Brong. 

9.  sarcinulatus t,  Schlot.  Coblentz;  Malmo;  Mbsseberg, 

Sweden ;  Catskill,  New  York,  Al.  Brong. 

*  Sphaeronites,  Hisinger;  Echinosphsrites,  Wdhlenberg, 
f  Terebratula,  Schhtheim,  %  Ibid. 

X2 
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10.  Spirifer  rotundatus,  Sow.    Cork^  Wright;  Newton  Bushel? 

Devon,  De  la  B, 

11.  lineatus,  Sow.    Dudley,  Stokes. 

12.  '• —  ambiguus,  Sow.    Blankenbeim,  JEFoen. 

13.  attenuatus,  Sow.    Bensbeig,  Jlcen. 

14.  minimus,  Sow.    Blankenheim,  Hcen. 

15.  Sowerbii,        .     Eifel,  Hcen. 

16.  decurrens,  Sow.    Newton  Bushel,  Devon,  De  la  B. 

17.  distans,  Sow.    Plymouth,  Hennah. 

18.  octoplicatus.  Sow.    Plymouth,  Hennah. 

1.  Terebratula  crumena.  Sow.    S.  of  Ireland,  Weav. 

2.  cordiformis,  Sow.    S.  of  Ireland,  fTeao. 

3. Pugnus,  Sow.    S.  of  Ireland,  Weav. ;  Plymouth, 

Hennah  ;  Newton  Bushel,  De  la  B. 

4.  ............^  rostrata,  Schlot.    S.  of  Ireland,  Weav. 

5.  prisca*,  Schlot.    S.  of  Ireland,  Weav. ;  Bensberg, 

Schlot. ;  Eifel ;  Urft,  Hoen. ;  Plymou^,  Hennah. 

6.  — ^—  affinis,  Sow.    Dudley,  Ryan;  Eifel,  Hoen. 

7.  laevigata,  Schlot.    S.  of  Ireland,  Weav. 

8.  — ^—  elongata,  Schlot.    S.  of  Ireland,  Weav. 

9.  plicatella,  Linn.    Borenhult  and  Husbyf joel,  Oi-     i, 

trogothia,  A.  6, 

10.  lacunosaf,  Schlot.     S.  of  Ireland,  Wean.;  Ply- 

mouth? Hennah. 

11.  osteolata,  Schlot.    Eifel,  Schlot. 

12.  aperturata,  Schlot.    Bensberg,  Schlot. 

13.  lenticularis,     Wahl.      Westrogothia ;    Andranim, 

Scania,  Al.  Brong. 

14.  acuminata.  Sow.    Cork,  Wright. 

15.  lateralis,    Sow.      Cork,    Wright;     Blankenheim, 

Hoen. 

16.  reniformis,  Sow.    Cork,  Sow. 

17.  alata.  Lam.    Eifel,  Hcen. 

18.  aspera,  Schlot.  Eifel;  Bensberg;  Christiania,  Hen- 

19.  comprimata,  Schlot.    Eifel,  Hcen. 

20.  curvata,  Schlot.     Gerolstein,  Hcen. 

21.  excisa,  Schlot.    Eifel,  Hoen. 

22.  explanata,  Schlot.    Blankenheim,  Hoen. 

23.  ■  imbricata,  Sow.    Eifel,  Hoen. ;  Plymouth,  Hetmsk- 

24.  intermedia,  Lam.    Eifel  and  America,  Hoen. 

25.  Mantiae,  Sow.    Blankenheim,  Hoen. 

26.  monticulata,  Schlot.    Blankenheim,  Hoen. 

*  Considered  by  Mr.  Sowerby  the  same  as  T.  affims  of  the  Mineral 
Conchology.  * 

f  Considered  by  Mr.  So^eTby  the  same  with  the  T.  Pugntu  of  Mis* 
Con. 
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27.  Terebratula  speciosa,  Schlot,    Eifel,  Horn, 

28.  Sacculus,  Sow,    Blankenheim,  Horn, 

29. Wilsoni,  Sow,    PorsCTund,  Norway,  Heen, 

30.  hysterolita*,  Hcen,  mckeswagen,  Hoen.;  Coblentz ; 

Oberlahnstein,  near  Mayence,  Schlot, 

31.  — —  paradoxaf,  Hcen,     Lahnstein;  Crefeld;  Catskill 

Mountains,  America,  Horn, ;  Kaiserstema],  &c., 

Schlot, 

52.  porrecta.  Sow,    Newton  Bushel,  Devon,  De  la  B. 

33.  ■  platyloba  (jun.),  Sow,    Plymouth,  Hennah, 

1.  Strygocephalus  Burtini,  Defr,    Bensberg,  Hoen, 

2.  , elongatus,  Goldf,    Bensberg,  Hcen, 

1.  Calceola  sandalina,  Lam,    Eifel,  Bronn;  Gerolstein,  Blan- 

kenheim, Hcen, 

2,  heteroclita,  Defr,    Blankenheim,  Hcen, 

1.  Strophomena  Goldfussii,  Hcen,    Blankenheim,  Han, 

2.  rugosa,  Baff,     Catskill   Mountains;   Trenton, 

America;  Dudley;  Eifel;  Crefeld,  Hcen. 

3.  — — ^—  eugl)rpha,  Hcen,     Eifel,  Hcen, 

4.  -^^-^—  pileopsis,  Baf,    Kentucky,  Jl,  Brong, 

5.  umbraculumt,  Schlot,  Eifel;  Christiania, /Tepn. 

6.  ■  >  mar8upita§,  Defr,    Catskill  Mountains ;  Lork- 

port ;  Eifel,  Hcen, 

1.  Producta  Scotica,  Sow,    S.  of  Ireland,  Weav, ;  Eifel,  Hcen, ; 

Isle  of  Man,  Henslow, 

2.  —  Martini,  Sow,     S.  of  Ireland,  Weav, 

3.  concinna,  Sow,    S.  of  Ireland,  Weav, 

4.  lobata  Sow,     S.  of  Ireland,  Weav, 

5.  longispina,  Sow, .  Blankenheim,  Hcen, 

6.  punctata.  Sow,    Blackrock,  Cork,  Wright, 

7.  fimbriata.  Sow,    S.  of  Ireland,  Weav. 

8.  I    depressa,  Sow,    S.  of  Ireland,  Weav, ;  Dudley,  Sow,  ; 

Pljrmouth,  Hennah, 

9.  hemisphserica,  Sow,    Eifel ;  Catskill  Mountains ;  Al- 

bany, Lexington,  Hoen, 

10.  ■  rostrata.  Sow,    Bensberg,  Hoen, 

11.  ■  sarcinulata,  Goldf,    Eifel;  Catskill  Mountains,  Hoen* 

12.  sulcata,  Sow,    Catskill  Mountains,  Hoen.\\ 

Giyphaea,  species  not  determined.  Keswick,  near  Kirby  Lons- 
dale, PAt/. 

1.  Pecten  primigenius,  Meyer.    Wisenbach,  Herbom,  Meyer. 

*  Hysterolites  vulvariuSf  SchloL 

f  Hysterolites  hystericuSf  Schlot 

X  M.  Brongniart  considers  this  may  be  the  same  with  Sir,  pileopsis. 

§  Leptana  depressa,  Dalman. 

|]  The  following  are  the  fossils  of  the  TeTehT&toiiile  %dXG^'^^«Kfixst^^% 
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2.  Pecten  Munsteri,  Meyer'.    Wisenbach,  Herborn,  Meyer, 

,  species  not  determined.     Keswick,  PhiL  ;  Plymouth, 

Hennah  ;  S.  of  Ireland,  Weav, ;  Pokroi,  Lithuania, 
Von  Buck, 
Plagiostoma,  species  not  determined.     Keswick,  Phil, 
1.  Megalodon  cucullatus,  Sow,    Newton   Bushel,  Devon,  De 

laB, 
Trigonia,  species  not  determined.     Keswick,  PhiL 

1.  Cardium  costellatmn,  MunsL    Elbersreuth;  Prague,  Horn. 

2.  hybridum,  Munst,    Elbersreuth,  Hasn, 

3.  linearC)  Munst,     Elbersreuth,  Hcen, 

4.  priscum,  3fttw«^.     Elbersreuth;  Prague, /Teen. 

5.  striatum,  Munst.     Elbersreuth,  Hoen. 

6.  alaeforme,  Sow,     Scarlet,    Isle   of    Man,   Henslw; 

Plymouth,  Hennah  ;  Newton  Bushel,  Devon,  d( 
laB. 

1 .  Cardita  costellata,  Munst.    Elbersreuth,  Hoen, 

2.  — : gracilis,  Munst.    Elbersreuth,  Hoen. 

3.  plicata,  Munst.    Elbersreuth,  Hoen. 

4.  tripartita,  Munst.    Elbersreuth,  Hoen. 

1.  Isocardia  Humboldtii,  Hoen.    Wisenbach,  near  Dillenburg, 

Hoen. 

to  the  divisions  of  the  Swedish  naturalists,  discovered  in  the  grauwacke 
rocks  of  Sweden. 

1.  Leptaena  rugosa,  Hisinger.  Borenshult,  Ostrogotbia;  Westrogothia. 

2.  deflexa,  Dalman,     Ostrogotbia. 

3.  '  transversalis,  Wahl,     Osmundsberg,  Dalecarlia. 

1.  Orthis  pecten,         .     Borenshult,  Qstrogothia ;  Westrogothia. 

2.  —  zonata,  Dalman.     Borenshult. 

3.  callactes,  Dalman,     Husbyfjoel;  (var.)  Ulanda,  Westrogothia- 

4.  calligramma,  Dalman,     Skarpasen,  Ostrogotbia. 

5.  —  testudinaria,    Dalvian.      Borenshult  (also  at  Blankenheim^ 

HoBn,), 

6.  >— -  demissa,  Dalman,     Boeda,  I.  of  Oeland. 

?7.  noveraradiata,  Wahl,     I.  of  Oeland,  Darlecarlia. 

8.  elegantula,  Dalman.     Blankenheim,  Hoen, 

1.  Delthyris  subsulcata,  Da /man.     Boeda,  I.  of  Oeland. 

?2.  Psittacina,  Wahl,     Osmundsberg,  Dalecarlia. 

?3.  jugata,  Wahl,     Osmundsberg,  Dalecarlia. 

1.  Atrypa  reticularis,  Wahl,     Westrogothia. 

2.  canaliculata,  Dalman,     Borenshult,  Ostrogotbia. 

3.  Nucella,  Dalman,     HusbyQoel,  Ostrogotbia. 

4.  ■  cassidea,  Dalman,     Borenshult,  Ostrogotbia. 
?5.  —  crassicostis,  Dalman,     Westrogothia. 

Von  Buch  notices  Gypidium  conchydium,  Dalm,,  Atrypa  canaliculau. 
Dahn,,  Leptsena  depressa  hemisphserica,  Orthis  striatella,  Z>a/ii.,  and 
Cyrtia  striata,'-  Von  fiuch,  \u  lYie  ^«.>r«<«)c3L^  «xvd  ^;rauwacke  liniestooc 
of  Pokroi,  in  Lithuania. 
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2.  Isocardia  oblonga,  Sow,    Cork,  Flem, 

1.  Cypricardia? .    Bensburg;  Eifel,  Hoen, 

1.  Posidonia  Becheri,  Bronn,    Herborn,  Hoen,;  Frankenberg, 
Hesse,  Meyer, 

Mollusc  A. 

Patella,  species  not  determined.    Keswick,  near  Kirby  Lons- 
dale, Phil, 

1.  ?  conica,  Wahl,    Kinnekulle,  Westrogothia,  A, 

2.  ■  ?  pennicostis,  Wahl,    Ulanda,  Westrogotbia,  ^. 

3.  ?  concentrica,    Wahl,     Mosseberg,  &c.,   Westrogo- 

tbia,  A. 
1.  Pileopsis  vetusta,  Sow,    South  of  Ireland,  Weav,  Plymoutb, 

Hennah, 
1.  Melanopsis  coronata,  Ham,    Bensberg,  Hoen, 

1.  Melania  constricta.  Sow,     South  of  Treland,  Weav, 

2.  biliueata,  Ooldf,     Bensbeig,  Hoen, 

1.  Natica,  species  not  determined.     Plymouth,  Hennah,   New- 
ton Bushel  ?  2>e /a  J9. 

1.  Nerita  spirata?  Sow,    Pl3na[iouth,  Hennah. 

^  species  not  determined.     Herefordshire ;  Gloucester- 
shire ;  South  of  Ireland,  Weav, 

1.  Solarium  fasciatum,         .     Bensberg,  Hoen. 

1.  Delphinula  aequilatera,  Wahl,     Westrogothia,  A. 

1.  Cirrus    acutus,    Sow,      S.    of  Ireland,    Weav,     Pljnnoutb, 
Hennah. 

1.  Pleurotomaria  cirriformis.  Sow.    Plymouth,  Hennah. 

1.  Euomphalus  catillus.  Sow,    S.  of  Ireland,  Weav.    Blanken- 

heim ;  Lake  Erie,  Hoen, 

2.———  centrifugus,  Wahl.    Wikarby,  Dalecarlia,  A, 

3.  dubius,  Ooldf,    Dillenburg,  Hoen. 

4.  fimatus.  Sow,    Dudley,  Johnstone. 

,  species  not  determinea.  Newton  Bushel,  Devon, 

De  la  Beche. 
1.  Trochus  ellipticus,  Hisinger,    Furudal,  Dalecarlia,  A, 
— ■_ ,  species  not  determined.     Pokroi,  Von  Buch, 

1.  Turbo  bicarinatus,  Wahl.  Wikarby,  Dalecarlia;  Borenshult, 

Ostrogothia,  A, 

2.  -^ Tiara,  Sow,     Plymouth,  Hennah, 

3.  antiquus,  Goldf,     Bensberg,  Hcen, 

,  species  not  determined.     Pokroi,  Von  Buch, 

1.  Turritelm  abbreviata,  Sow,  Newton  Bushel,  Devon,  De  la  B. 

2.  prisca,  Munst.    Elbersreuth,  Munst, 

,  species  not  determined.      Beckfoot,  near  Kirby 

Lonsdale,  Phil, 
Pleurotoma,  species  not  determined.      Newton  Bushel,  De 
laB. 
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1.  Murex?  Harpula,  Sow.     Newton  Bushel,  Dela  B.;  Ply-  '  if. 

mouth,  Hennah, 

1.  Buccinum  spinosum.  Sow,      Plymouth^  Hennah;  Newton  «  y*^ 

Bushel,  De  la  B.  j 

2. acutum,  Sow,    Plymouth,  Hennah,  \  :4. 

3.  hreve,  Sow,    Newton  Bushel,  Devon,  De  la  B.  | 

4.  ■■,    imbricatum.  Sow,      Newton  Bushel,  De  la  B.;   |  :5. 

Plymouth,  Hennah.  ]  15. 

1.  Bellerophon  tenuifascia.  Sow,    S.  of  Ireland,   Weao,;  New- 

ton Bushel,  Devon,  De  la  B. 

2.  ovatus.  Sow,    S.  of  Ireland,  Weav. 

3.  hiulcus*,  Sow,    Blankenburg,  Been. 

4. Hupschii,  Defr,    Chunay;  Blankenburg,  Sm. 

5.  nodulosus,  Goldf,    Bensbere,  Horn, 

6.  Comu  Arietis,  Sow.    Catskm  Mountains,  Em- 

7.  apertus,  Sow.    Plattsburg,  New  York,  Hcen, 

8.  costatus.  Sow.      Plymouth,  Hennah;   Pokrd, 

Fon  Buch. 
,  species  not  determined.    Plymouth,  Hennah, 

1.  Conularia  quadrisulcata,  Miller.     Gloucestershire,    ffirar.; 

Borenshult,    Ostrogothia,    A.;     Montmorencj 
Falls,  Quebec,  Hoen, 

2.  — — — .  pyramidata,         .      May,   near  Caen,    Deikof^ 

champs. 

3.  — — _  teres,  Sow.    Lockport,  N.  America,  Hasn. 
,  species  not  determined.     May,  Calvados,  DeslMg, 

1.  Orthoceratites  striatus,  ^otc'.     S.  of  Ireland,  Weav.;  Malmoe, 

Christiania,    Al,  Brong,;    Trenton  Fails, 
New  York,  Hoen, 

2.  undulatus,  i^ou;.    S.  of  Ireland,  Weav,  Tzaiko- 

Sselo,  near  St.  Petersburg,  Al,  Brong. 

3.  paradoxicus,  Sow.    S.  of  Ireland,  Weav. 

4.  circularis.  Sow.     Gloucestershire;  Hereford- 

shire, Weav.;  Plymouth,  Hennah. 

5.  _^_^_  annulatus.    Sow,      Gloucestershire,     Wems.; 

Gerolstein,  Eifel,  Schlot. 

6.  _— — __  flexuosus,  Schlot.    Oeland ;  Gerolstein,  Eifcl, 

HoU,    Black  River,  New  York,  Hem, 

7.  __-_^_  communis,  Wahl.    Common  in  Sweden,  A. 

8.  duplex,    Wahl,      Kinnekulle,    Sweden,   J', 

Black  River,  New  York,  Hoen, 

9.  — — —  trochlearis,  Dalman.    Solleroe,  DalecarKa,  J- 

10.  turbinatus,    Dalman.      Dalecarlia;    Isle  of 

Oeland,  A, 

11.  centralis,  Dalman.    Solleroe,  Dalecarlia,  A, 

•  B.  ttriotus,  QcAAi&m. 
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12.  Ordioceratites  gracilis,    Schlot.      Hellenburg,  Nassau,   AL 

Brong,;  Wissenbach,  Hoen. 

13.  crassiventer,   WahL    N.W.  side  of  Lake  Hu- 

ron, Hcsn, 

14.  duplex^     Wahl,      Black  River,   New  York, 

Hcen, 

15.  falcata,  Trenton  Falls,  Hcen. 

16.  tenuis,     Wahh      Geistlichenberg,   near  Her- 

boin,  Hoen, 

17.  rectus,  Bosc,    Kucbel,  near  Prague,  Hasn, 

18.  regularis, (ScA^^.  Oeland,  Hoen,;  Elbersreuth, 

jBavaria,  Munst, 

19.  giganteus,  Sow,     Gerolstein,   Hcen,;  Elbers- 

reuth ;  Regnitzlosau,  Bavaria,  Munst, 

20.  excepticus,  Goldf,  Bensberg ;  Gledbacb,  near 

Miilheim,  Hoen, 

21.  striolatus,     Meyer,      Herbom,     Dillenberg, 

Meyer, 

22.  acuarius,  Munst,    Elbersreuth,  Munst, 

23. Btriopunctatus,  Munst,    Elbersreuth,  Munst, 

24.  < cingulatus,  Munst,     Elbersreuth,  Munst, 

25.  torquatus,  Munst.     Elbersreuth,  Munst, 

26.  — — —  Steinhaueri,  Sow,    Elbersreuth,  Munst. 
27. carinatus,  Munst,    Elbersreuth,  Munst, 

28.  < linearis,  Munst,    Elbersreuth,  Munst, 

29.  irregularis^  Munst.    Elbersreuth,  Munst, 

— ^ ^,  species  not  determined.  Gloucestershire;  Here- 
fordshire, Weav,;  Plymouth,  Hennah;  Env. 
of  St.  Petersburg,  Strangways, 

1.  Cyrtoceratites  ammonius,  Goldf.    Montmorency  Falls,  Lower 

Canada,  Hcen, 

2.  compressus,  Goldf,    Eifel,  Hoen, 

2.  depressus,  Goldf.    Gerolstein,  Hoen, 

4.  omatus,  Goldf,    Bensberg,  Hcen. 

1.  Lituites  perfectus,  WaM,    Mosseberg,  Sweden,  Al,  Brong, ; 

Revel,  Hcen, ' 

2.  imperfectus,  WahL    Jungby,  Sweden,  Al,  Brong. 

1.  Nautilus  globatus*.  Sow.    S.  of  Ireland,  Weav, 

2.  M  multicarinatus.  Sow,    S.  of  Ireland,  Weav, 

3.  complanatus,  Sow.      Scarlet,  Isle  of  Man,  Hens- 

low, 

4.  .«— cariniferus.  Sow.    Black  Rock,  Cork,  Sow, 

5.  divisus,  Munst.      Geistlichenberg,  near  Herbom, 

Hoen. 

6.  Wrightii,  Flem.    Cork,  WrighU 

*  Dr.  Fleming  considen  that  this  sheU  ma^  '^lo'biSEtl']  "^Xaa  '^q»\\\u» 

X5 
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•7.  NautUus  funatus,  Flem.    Cork,  Sow, 

•8,  compressus,  Flem,    Cork,  Sow, 

•9.  »— ovatus,  I2em,   S.  of  Ireland,  Weav,;  Hof;  Schleito, 

Munst 

1.  Ammonites  Henslowi,  Sow,    I.  of  Man,  Henslow, 

2.  ■  subnautilinus,  Schlot,     Wissenbach,  near  Dillen- 

burg,  Hoen, 
,  species  not  determined.     Gloucestershire ;  Here- 
fordshire;   S.  of  Ireland,     Weav,;    Newton 
Bushel,  De  la  B, ;  Eifel ;  Hof;  Frankenbeig, 
Herbom,  Munst, 

Crustacea. 

1.  Calymene  Blumenbachii,  Al,  Brong,     Dudley;    Lebanon, 

Ohio;  Newport,  Utica,  United  States,  Al 
Brong, ;  Gloucestershire ;  Herefordshire,  Weav, ; 
Skartofta,  Scania;  Ostrogothia,  A,;  Blanken- 
heim,  Hoen, 

2.  '  macrophthalma,  Al,  Brong.  United  States ;  Crom- 

ford,  near  Dusseldorf,  Al,  Brong,;  Dudley, 
Weav,;  Shropshire,  Stokes;  DiUenburg,  Htat. 

3.  variolaris,  Al.  Brong,    Dudley,  Stokes  ;  Glouces- 

tershire; Herefordshire,  Weav, 

4.  — — —  Tristani,  Al,  Brong.    Breuville,  Cotentin  ;  Falaise; 

La  Hunandi^re  ;  Bain,  near  Rennes,  Al.  Brong. ; 
Angers;  Genesee,  Hoen, 

5.  bellatula,  Dalman,     Husby^oel,  Ostrogothia,  A. 

6.  ornata,  Dalman.     Husbj^oel,  Ostrogothia,  A, 

7.  — .  verrucosa,  Dalman,    Varving,  near  the  mountain 

of  Billingen,  Westrogothia,  A, 

8.  polytoma,  Dalman,    Ljung,  Ostrogothia,  A. 

9.  actinura,  Dalman,    Berg,  Ostrogothia,  A. 

10.  ■    ■  Schrops,  Dalman.    Furudal,  D^ecarlia;  Ostrogo- 

thia, A. 

11.  Schlotheimi,  Bronn,    Blank^nheim,  Hoen. 

12.  latiferus,  Bronn.    Blankenheim,  Hoen. 

13.  ?  se^ua]is,  Meyer.     Herbom ;  Dillenberg,  Meyer. 

1.  Asaphus  comigerus,  Al.  Brong.   Env.  of  St.  Petersburg,  AL 

Brong. ;  Revel,  Schlot.;  Blankenheim,  Hoen. 

2.  cordigerus,  Al,  Brong.    Dudley,  Stokes. 

3.  Hausmanni,    Al.    Brong.      Nehou    (La  Manche); 

Pramie,  Al,  Brong, ;  Canada ;  Catskill  Mountaini, 
Karlstein ;  Kugel,  Hoen. 

4.  — —  de   Buchii,   Al.   Brong.     Dinevawr  Park,  Wales ; 

Cyer,  Norway,  Al.  Brong. ;  Eifel,  Hcen. 

*  EUipsoUtet  ot^^wv^i. 
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5.  Asaphus  Brongniartii,  Deslongckamps,    May;  Nehou,  Nor- 

mandy ;  Eifel,  AL  Brong, 

6.  extenuatus,  Wahl,  Husbyfjoel,  Heda,  Ostrogothia,  A. 

7.  granulatus,    Wahl.      Varying,  OUeberg,   Westrogo- 

thia ;  Furudal,  Dalecarlia,  A. 

8.  ■  angustiirons,  Dalman,     HusbyQoel,  Ostrogotbia,  A. 

9.  Heros,  Dalman,      KinnekuUe,  Westrogothia ;    Vi- 

karby,  Dalecarlia,  A, 
0. expansus,  WahL    Common  in  Sweden,  A, 

1.  platynotuB,  Dalman,    Westrogothia,  A, 

2.  frontalis,  Dalman,    Ijung,  Ostrogothia,  A, 

3.  laeviceps,  Dalman,    HusbyQol,  Ohstrogotbia,  A, 

4.  — palpebrosus,  Dalman,    Huabyfj'o],  Ostrogotbia,  A, 

5.  crassacanda,   Wahl,     Husbyfjdl;  Cbristiania ;  Bain  ; 

Tzarko-Sselo,  Al,  Brong, 
S,  Sulzeri,        .     Ginez,  Bohemia,  Hoen, 

1.  Ogygia  Guettardii,  Al,  Brong,    Angers,  Al,  Brong, 

2.  Desmaresti,  Al,  Brong,    Angers,  Al,  Brong, 

3.  Wahlenbergii,  Al,  Brong,    Angers^  Ah  Brong, 

4.  '  Sillimani,  Al,  Brong,    Banks  of  the  Mohawk,  near 

Schenectady,  Al,  Brong, 

1.  Paradoxides  Tessini,  Al,  Brong,    Olstoip,  Westrogothia,  Al, 

Brong,  ;  Ginez,  Bohemia,  Hoen^ 

2.  — — __  spinulosus  •,  Al,  Brong,  Andranun,  Scania,  AL 

Brong, ;  Westrogothia,  A, 

3.  _..._  gibbosus  f ,  Al,  Brong,    Kinnekulle,  Al,  Brong, 
t.  .^_—_ ^  scaraboides  J,  Al,  Brong,  Falkoping,^/.  Brong, ; 

Ostrogothia ;  Westrogothia,  A, 

5.  Hoffii,  Goldf,     Braatz^  near  Ginez,  Bohemia, 

Al,  Brong, 

1.  Nileus  Armadillo,  Dalman,    Husbyfjol  and  Skarpasen,  Os- 

trogothia ;  Tomarp,  Scania ;  Furudal,  Dalecarlia,  A, 

2.  — —  Glomerinus,  Dalman.    Husb3rQol,  Ostrogothia,  A. 

1.  Illaenus  Centaurus,  Dalman,     Isle  of  Oeland,  A, 

2.  centrotus,  Dalman,    Husbyfjol,  Ostrogothia,  A, 

3. latecauda,  Wahl,    Osmundsberg,  Delecarlia,  A, 

1.  Ampyx  nasutus,  Dalman,    Skarpasen  and  Husbyfjol,  Ostro- 

gothia ;  Varying,  Westrogothia,  A, 
1.  Olenus  Bucephalus,  Wahl,    Olstorp,  Westrofi^othia,  A, 
1,  Agnostus  pisiformis,  Al,  Brong,     Kinnekufie,  Mosseberg; 

Westrogothia,  Al,  Brong, 

1,  Isotelus  Gigas,  Dekay%,    Trenton  Falls. 

2.  planus,  Dekay,    Trenton  Falls. 

*  Olenus  spinulosuSf  Wahlenberg. 
f  Olenus  gibbosus,  Wahlenberg. 
t  Olenus  scaraboideSfVid!BXesifi«t%, 
§  Asqphus  platyeephahu^  Stokea. 
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Trilobites,  species  not  determined.  £nv.  of  St  Petenburgi 
Strangwaya;  Isle  of  Man,  Henslow;  Brixham, 
Devon,  De  la  B,;  Newton  Bushel,  Radkyvai 
De  laB,;  £lbersreutli,  Munst. 

Pisces. 

Ichthyodorulites,  Buehl,  and  De  la  B,    Dudley,  Cla/yfM', 

Herefordshire,  PhU, 
Fish  bones  and  a  tooth.   Whitefield  quarry  and  Skeay 's  Grove, 
Tortworth,  Gloucestershire,  Weav, 
Casts  referable  to  the  vertebrae  offish,  S.  of  Ireland,  Weao.* 
The  student  will  have  perceived,  from  an  inspection  of  the  fore- 
going list,  that  the  organic  remains  of  the  grauwaeke  series  are  hf 
no  means  deficient  in  variety  of  form.     Of  Zoophytes  we  find  the 
genera  Manon,  Scyphia,  Tragos,  Gorgoniay  Slromatoporaj  Mad/rt- 
para,  Cellepora,  Retepora,  Flustraf  Cosdnopora,  CerioporOf  LUkih 
dendron  (including  Cargophyllia),  AnihophyUum,  Turhinoitiaf  C$9r 
thophyUum,  Strombodes,  Astrea,  Columnaria,  Catenipora,  Syrhg*' 
para,  Calamopora,  Aulopora,  FavosUes,  Maatremay  and  AmpHem. 

*  It  should  be  observed  that  there  are  several  hitherto  undescribed 
fossils  of  the  grauwaeke  limestone  of  Plymouth,  in  the  coUection  of  die 
Rev.  R.  Hennah;  among  these  Mr.  Sowerby  has  noticed  the  following: 

Conchifera, 

1.  Spirifer  reticulatus,  Sow,  MS.,  also  from  Ireland,  Sow. 

2,  pentagonus,  Sow.  MS, 

1.  Terebratula  Hennahiana,  jSiotf;.     Oblong,  rather  square,  convex,  tod 

smooth  ;  a  wide  furrow  runs  along  the  middle  of  the 
larger  valve,  the  beak  of  which  is  much  produced. 

2.  gigantea,  Sow.     Oval,  the  front  rather  straight ;  valTei 

equally  convex,  a  little  flattened  towards  die  fimit; 
beak  of  the  large  valve  moderately  produced,  not  in- 
curved.   Five  and  a  half  inches  long,  four  inches  wide. 

3.  ....i......—^  rotundata.  Sow.    Globose,  smooth ;  beaks  large,  toadh 

ing. 

4.  _M^— .  like  T.  affinis,  but  has  finer  striae,  a  produced  beak  tt 

the  larger  valve,  and  a  greater  length  ;  it  is  also  rather 
more  flat. 

5.  ■  Lachryma,  Sow.  MS, 
1.  Producta  anomala.  Sow.  MS.,  also  from  Ireland  and  Preston,  5dw. 

Mollusca. 

1.  Turbo  cirriformis,  Sow.  Spire  short,  of  three  very  convex  whoris. 

smooth ;  length  and  breadth  equal. 
1.  Natica? .  Nearly  globose;  spire  pointed;  whorls  few;  the  Ittt 

large ;  smooth. 
/.  Terebra  Hennahiana,  Sow.    Turrited,  sides  nearly  straight ;  wborli 

flat,  crossed  b'j  t^^YiXX^  cun^^^Afi^  tftxim.  Mao  tm  Fm» 

ton,  Sow. 
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Of  Radiaria,  the  genera  Pentacrinites,  Actinocrinites,  Cyathocri- 
nites,  PlatycriniteSy  RhodocriniteSf  Melocrinites^  CupressocrinHes, 
EugeniacriniteSf  Eucalyptocrmitea,  and  SphtBronites,  Of  Annulata, 
the  genus  Serpula,  Of  Conchifera,  the  genera  Thecidea  ?  Spi- 
rifer  (Dalthyris,  Dahnan),  TerebralulOj  Strygocephaltts,  CalceolOf 
Strophomena,  Producta,  Gryphaa,  Pecten,  Plagiostoma,  Mega- 
lod&riy  Trigonia,  Cardium,  Cardita,  Isocardia,  Cypricardia?  and 
Posidonia,  Of  MoUusca,  the  genera  PatellOf  PileopsiSf  Melan- 
opsU,  Melania,  Natica,  Nerita,  Solarium,  Delpkinula,  Cirrus, 
Pleurotomaria,  Euomphalus,  Trochus,  Turbo,  Turritella,  Pleuro- 
toma,  Murex?  Buccinum,  BeUerophon,  Conularia,  Orthoceratites, 
Cyrtoceratites,  Lituolites,  Nautilus,  and  Ammonites,  Of  Crustacea, 
the  various  Trilohites  divided  into  the  genera  Calymene,  Asaphus, 
Ogygia,  Paradoxides,  Nileus,  IlUsnus,  Ampkyx,  Olenus,  Agnostus, 
and  Jsotelus,  Of  Fish,  the  remains  of  bones,  teeth,  and  the  de- 
fensive fin-hones  named  Jchthyodorulites, 

In  this  catalogue  we  find  a  mixture  of  existing  and  extinct 
genera,  which  is  remarkahle  when  we  consider  the  great  antiquity 
of  the  rocks  containing  them.  It  may  be  doubtful  whether  all  the 
genera  have  been  correctly  determined,  for  possibly  some  of  them 
may  have  been  rather  hastily  referred  to  those  now  existing ;  but 
even  admitting  this,  we  have  evidence  that  there  was  not  that 
poverty  of  organic  structure  which  was  once  supposed. 

From  the  various  forms  of  the  fossils  imbedded  in  the  grau- 
wacke, we  may  infer  that  the  animals,  of  which  they  constituted 
the  solid  parts,  occupied  situations  as  different  as  those  of  the  pre^ 
sent  day ;  some  preferring  deep  waters,  while  others  were  fitted 
for  shallow  seas,  and  not  a  few  swam  freely  in  the  open  ocean ; 
certain  creatiu-es  frequenting  one  kind  of  bottom,  while  others 
sought  another  of  a  different  description.  The  most  abundant 
sbeUs  belong  to  the  genera  Orthoceratites,  Producta,  Spirifer,  and 
Terebrcttula,  The  former  often  attain  a  large  size,  even  reaching 
a  yard  or  more  in  length ;  so  that  if  they  really  once  constituted 
a  part  of  swimming  mollusca,  analogous  to  the  Nautilus  of  the 
present  day,  some  of  such  creatures  must  have  far  exceeded  the 
size  of  the  animals  of  that  kind  now  known  to  us.  The  three  latter 
most  abundant  genera  constitute  a  natural  group  which  the  Swedish 
naturalists  have  arranged  under  the  heads  of  Leptana  {Producta), 
Orthis,  Cyrtia,  Delthyris  (Spirifer),  Gypidia,  Atrypa,  Rhynchora, 
and  Terehratula  ;  the  characters  being  considered  such  as  to  jus- 
tify the  formation  of  the  genera.  Supposing  this  arrangement  to 
be  well  founded,  it  would  appear  from  the  lists  of  those  who  have 
proposed  it,  that  Terebrattda  are  rare  in  the  older  rocks,  such  as 
those  under  consideration,  while  they  are  abundant  in  the  newer 
strata. 

Producta  axe,  as  has  been  seen,  common  in  this  and  the  car- 
boniferous ^oups,  and  existed  durine  tVie  de^^cMoXi  ol  ^<^  ia.^- 
gUm.    Spinfen,  which  also  abounded  dudik^  V)bA  ^«^<c)i»X  <cjL  *^« 
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grauwicke  and  carbaniferoua  aeriea,  Itave  been  olwerred  Rt  high 
up  aa  the  lias,  where  three  species  of  the  geniu  Spirifer  have  ben 
detected,  one  {S^rifer  Walcotii)  being  a  very  common  and  chanc- 
teristic  shell.  The  TerebratulEe,  wbicli,  even  admittiiig  the  %n- 
diih  diviEioiis,  are  found  in  the  preceding  leries,  if  not  in  du 
higher  part  of  this,  extend  upwards  to  the  preient  day,  maniftpe- 
de«  being  now  known.  Taxing,  therefore,  this  natural  giwm  n 
it  existed  at  this  early  period,  in  which  we  should  probably  inmdc 
the  carboniferous  limestone,  and  tracing  it  upwards  through  die 
various  rocks,  we  lind  that  the  Products  first  disappeared  MJ 
then  the  Spirifers,  while  the  Terebratuln  have  been  present^ 
through  all  the  changes  which  have  taken  place  on  the  lui&ce  4 

The  faniilj  of  the  Trilobites  was  one, 
the  individuals  of  which  must  have 
swarmed  in  particular  places  during 
the  deposit  of  the  grauwacke.  In  some 
parti  of  Wales  the  Aiaphia  Delmehii 
(Fig.  97.)  is  BO  abundant  that  the  la- 
minte  of  the  slates  are  charged  with  , 
them,  so  that  millions  have  probably  ; 
lived  and  died  not  far  distant  from  ' 
those  places  where  we  now  discover 
their  remains.  This  spedes  has  not 
been  contined  to  Wales,  though  it  is 
there  veiy  abundant,  but  has  also  been 
discovered  in  Norway  and  Germany. 
He  Trilobite  long  known  in  museums 
as  the  Dudley  Trilobite,  because  found 

ao  commonly  at  that  place,  is  the  Caiiimene  JBtumtnbaelui  of 
M.  AI.  Bronmiart  (Fig.  98.).  This  species  existed  over  a  coui- 
derable  area,  having  not  only  been  discovered 
in  England,  Germany,  and  Sweden,  but  also 
In  North  America.  Although  many  parts 
of  these  creatures  ere  found  distributed  in 
such  a  manner  that  we  may  conclude  they 

jparated  by  decomposition  after  the  M 


Fig.  88. 


:  sepi 

hoft  ,         . 

of  others,  and  their  frequent  contracted  atti- 


death  of  the  animal,  the  perfect  preservation 


of     p 


this  structure  to  assume  when  disturbed, 
would  lead  us  to  conjecture  that  they  had 
been  often  suddenly  destroyed,  and  as  sud- 
denly enveloped  in  that  matter  which  subse- 
quently became  hard  rock ;  thus  preventing 
tn«  separation  of  the  haidei  wt«  by  decom- 
podtion.     The  forma  of  tiie  TriHoUte  twtSq  «„  *  _i_ 

vary  more  considerably  Ojan  nu^X\»  w.'^y*'*™*'™*  A»^p" 
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and  Calymene  represented  above,  as  will  be  seen  by  the  annexed 

figure  of  Agnostus  pisiformis,  Fig.  99.  being  the 

natural  size  of  the  animal,  and  Fig.  100.  a  magnified       Fig.  99. 

representation  of  it.   The  Trilobite  family  seem  now 

to  have  entirely  disappeared  from  among  existing 

animals,   and  we  may  perhaps  venture  to  infer, 

from  our  present  infon^ation  respecting  organic      Fig.  100. 

remains,   that  it  became  extinct  before  the  Pro- 

dnotae;   and  we  are  nearly  certain  it  ceased  to 

exist  long  before  the  Spirifers,  for  neither  in  the 

muschelkalk  nor  .in  the  lias  has  the  smallest  trace 

of  tibem  ever  been  detected. 

Unlike  the  Trilobites,  the  Crinoidea  common  in  this  early  pe- 
riod are  continued  up  to  the  present  day,  though  many  genera 
observed  in  the  grauwacke  series  and  in  the  carboniferous  group 
seem  to  have  disappeared  previous  to  the  deposit  of  the  oolitic 
series,  when  other  genera  were  called  into  existence.  The  genus 
PentacrinUes  being,  according  to  M.  Groldfuss,  found  in  the  rocks 
under  consideration,  and  being  well  known  in  the  present  seas, 
this  genus  has  also  survived  the  various  changes  that  have  taken 
place  on  the  earth's  surface.  It  was  even  at  one  time  considered 
tiiat  a  particular  species,  Pentacrinites  Caput  Medusie,  was  com- 
mon to  the  actual  ocean  and  the  lias,  but  this  is  now  doubted. 

The  discovery  of  the  defensive  fin  bones,  named  Ichthyodorulites, 
in  the  g^uwacke  series  is  worthy  of  attention,  as  it  shows  that  the 
class  m  animals  to  which  they  belong  was  among  the  earliest  in- 
habitants of  the  globe,  and  that  it  continued  to  exist  over  what 
now  constitutes  Europe,  up  to  the  cretaceous  rocks  inclusive, 
though  differing  in  species,  as  far  at  least  as  we  can  judge  from 
the  various  forms  of  the  bones.  The  Ichthyodorulites  are  usually 
accompanied  by  palates :  these  latter  have  not  been  detected  in 
the  grauwacke ;  but  this  need  not  surprise  us,  as  the  specimens  of 
the  defensive  fin-bones,  as  yet  noticed  in  this  rock,  only  amount 
to  two. 

Among  the  corals  will  be  found  several  genera  now  existing ; 
and  it  deserves  notice,  that  throughout  the  series  of  fossiliferous 
locks,  wherever  there  is  an  accumulation  of  polypifers,  such  as 
Would  jtiStify  the  supposition  of  coral  banks  or  ree&,  the  genera 
Astrea  atld  Caryophyllia  are  present, — genera  which,  according  to 
the  more  recent  observations  of  naturalists,  in  addition  to  Mean- 
dirina  and  one  or  two  others,  are  the  principal  architects  of  coral 
reefs  at  the  present  day. 

Our  knowledge  of  the  kind  of  vegetation  existing  at,  and  en- 
tombed during,  the  epoch  of  the  grauwacke  group,  is  insufficient 
to  warrant  any  general  conclusions  respecting  it,  fiirther  than  it 
was  apparently  much  the  same  as  that,  the  remains  of  wKich.  «xa 
abundantly  preserved  ia  the  carboniferoxiA  «en«&.   \^  -si^a  Vsci^ 
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known  that  anthracite  was  found  in  the  grauwacke  of  Ncnrth Devon; 
hut  it  was  not  until  the  researches  of  Mr.  Weaver  in  the  South  of 
Ireland  that  the  value  of  this  fact  was  Justly  i^preciated,  finr  not 
until  then  was  it  considered  that  carhoniierous  deposits  of  eonsidfl^ 
ahle  development  might  constitute  a  part  of  the  grauwacke  group. 
This  author  observes,  that  all  the  coal  in  the  province  of  Munster, 
excepting  that  in  the  county  of  Clare,  is  of  this  age.  "  At  Knock- 
asartnet,  near  Killamey,  and  on  the  north  of  Tialee,  thin  anthn- 
citic  beds,  inclined  at  various  angles  from  70^  to  verticality,  are 
included  in  grauwacke  and  slate.  In  the  county  of  Cork  this  old 
coal  is  more  extensively  developed,  particularly  near  Kanturk, 
extending  from  the  north  of  the  Blackwater  to  the  Allow."  The 
anthracite  is  described  as  employed  in  burning  the  limestone  of 
the  adjoining  country ;  and  the  amount  raised  at  Dronagh  col- 
lieries is  estimated  at  25,000  tons  per  annum.  "  The  coal  and 
accompanying  p3rritiferous  strata  are  abundantly  chaiged  vrith  the 
remains  or  impressions  of  plants,  belonging  chiefly  to  JEquiteU 
and  CtUamiteSf  with  some  indications  o£  Fucoidea.**  Mr.  Weaver 
has  noticed  this  coal  in  various  places,  among  which  he  enumerates 
beds  in  the  county  of  LimericK,  on  the  left  bank  of  the  Shannon, 
north  of  AbbeyfeflJe  and  atLonghill*. 

M.  £lie  de  Beaumont  observes  that  the  grauwacke  rocks  of  the 
Bocage  (Calvados),  and  of  the  south-eastern  angle  of  the  Vosges, 
contain  vegetable  impressions  differing  but  little  from  those  dis- 
covered in  the  coal-measures,  as  also  anthracite,  sometimes  worked 
for  profitable  purposes.  From  the  direction  of  the  strata,  he  con- 
siders the  whole  as  of  contemporaneous  formation,  and  refers  it  to 
the  upper  portion  of  the  grauwacke  group  f. 

We  have  here  evidence  that  the  accumulation  of  vegetables 
sufficient  to  produce  beds  of  coal  commenced  at  a  very  early 
period  in  Europe,  and  as  it  would  also  appear  in  America ;  for 
according  to  Professor  Eaton,  anthracite  is  observed  in  equivalent 
deposits  at  Worcester  (Mass.)  and  Newport  I,  This  is  important^ 
as  it  proves  the  existence  of  dry  land,  with  vegetables  upon  it> 
contemporaneously,  or  nearly  so,  with  the  first  appearance  of 
animal  life.  , 

Although  when  we  regard  the  mass  of  the  grauwacke  rocks  ve 
are  struck  with  the  minute  proportion  that  organic  remains  besr 
to  the  whole,  we  must  still  perceive  that  the  atmosphere  was  capa- 
ble of  supporting  vegetation,  and  the  seas  of  sustaining  Zoophytes 
Crinoidea,  Annulata,  Conchifera,  Mollusca,  Crustacea,  and  Fish. 

*  Weaver,  Proceedings  of  the  Geological  Society,  June  4,  1 830. 

f  Elie  de  Beaumont,  Researches  on  some  of  the  Revolutions  whkh 
have  taken  place  on  the  Surface  of  the  Globe ;  PhiL  Mag.  and  Aiuisli» 
roL  x.,  p.  247. 
t  Eaton,  American  lonxnil  ot  ^«Qfia,  'itkV^fau 
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What  other  eraaturea  existed  we  ere  unable,  IVorn  the  Rbience  of 
iheir  remaing,  to  judge:  it  rmy  however  bebjno  means  unpbilo- 
BOphical  to  conclude  that  Teeetatian  did  not  exist  alone  on  di^ 
land,  but  Uiat,  coDBisteutly  wi£  the  geneTal  hannony  ofnature,  it 
affitrded  food  to  terreatnal  creatures  suited  to  the  eireumstsncet 
Qilder  which  they  were  placed. 


Cyathophyllam  tuTbinatum,  Goldf. 
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Section  X. 

LOWEST  FOSSILIFEROUS  GROUP. 

This  group  should  be  considered  as  little  more  than  one  of  con- 
venience, in  which  rocks  containing  a  few  organic  remains  are 
sometimes  mixed  with  strata  of  the  same  character  as  those  enu- 
merated under  the  head  of  Non-fossiliferous  Rocks ;  so  that  we 
seem  to  have  arrived,  in  the  descending  order,  at  a  state  of  the 
world  when  there  was  a  combination  of  those  causes  which  htTe 
produced  -  fossiliferous  and  non-fossiliferous  strata.  That  there 
should  be  a  transition  or  passage,  even  efiected  by  the  alternate 
operation  of  particular  causes,  from  that  condition  of  the  w(MJd'i 
smrface  when  chemical  action  prevailed  to  that  when  mechanioi 
action  became  more  abundant,  is  what  we  should  expect,  sinoe 
it  is  in  accordance  with  our  knowledge  of  rock  deposit!  generally; 
for  we  observe,  however  sudden  certain  changes  may  have  beci  |: 
produced  in  particular  situations,  that  viewed  on  the  large  sealir 
a  general  change  of  circumstances  attending  rock  formations  hm 
been  more  or  less  gradual. 

These  alternations  or  mixtures  of  substances,  which  arepeidy 
mechanical  and  partly  the  result  of  chemical  action,  have  already 
been  observed  in  the  grauwacke  series ;  and  the  only  differencp 
would  appear  to  be,  that  they  are  more  frequen^  as  might  be 
expected,  on  approaching  the  great  mass  of  crystalline  rochji.  la 
pomt  of  fact,  there  would  appear  little  reason  for  consideraf 
this  group  as  more  than  the  lower  part  of  the  grauwacke  seriei: 
the  organic  remains  are,  as  far  as  we  know,  similar,  and  the 
mineralogical  character  of  that  portion  which  may  have  had  a 
mechanical  origin  the  same,  excepting  perhaps  that  argillaceoos 
slates  are  more  abundant,  and  arenaceous  rocks  rare,  a  distinctioa 
merely  pointing  to  a  more  gentle  transport  by  water ;  if  indeed 
these  slates,  often  in  considerable  mass,  really  were  produced  ly 
deposit  from  water  in  motion,  carrying  forward  a  mass  of  detiin* 
held  in  mechanical  suspension.  As,  however,  some  geolofilk 
appear  to  consider  that  these  rocks  may  be  separated  from  tk 
grauwacke  mass,  there  can  be  no  objection  to  retain  this  group fii 
the  present,  as  it  enables  us  to  observe  the  passitge  of  one  gic* 
class  of  stratified  rocks  into  the  other. 

The  Tintagel  (Cornwall)  and  Snowdonian  slates,  both  contain- 
ing organic  remains,  have  been  sometimes  considered  as  of  to 
older  date  than  the  common  grauwacke.  The  former  are  aigiDa' 
ceous  slates  passing  into  that  variety  known  as  roofine-slate.  Ihe 
latter  are  also  argillaceous  slates,  but  associated  with  them  are 
some  ambiguoua  rocksi  \!iie  com^o%v&<^^  ^^  ^\As;\\.iEnot  quite  w 
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apparent.  Messrs.  Phillips  and  Woods  have  employed  the  name 
of  Steachist  for  them,  as  a  provisional  term :  steatite,  however, 
they  can  scarcely  he ;  for  according  to  the  analysis  made  of  these 
socks  hy  Mr.  R,  Phillips,  they  were  found  to  consist  chiefly  of 
ahimine  and  silex,  with  a  small  proportion  of  lime,  and  omy  a 
minute  trace  of  magnesia,  a  substance  usually  constituting  a  con- 
siderahle  portion  of  steatitic  compounds  *. 

The  organic  remains  obtained  both  at  Tintagel  and  on  the  sum- 
mit of  Snowdon  are  far  from  being  well  preserved.  Those  of  the 
latter  are  most  determinable,  and  are  found  chiefly  to  consist  of 
shells,  and  among  these  shells  some  appear  referable  to  the  genus 
Producta  f . 

MM.  Brongniart  and  Omalius  d'Halloy  were  the  first  to  point 
imt  the  alternations  of  the  granitic  and  schistose  rocks  or  the 
Cotentin  and  Britanny,  and  also  the  probability  that  the  deposits 
thus  associated  with  the  granitic  compounds  were  fossiliferoust. 
The  grauwacke  of  these  districts  certainly  appears  associated, 
more  particularly  in  its  lowest  parts,  with  rocks,  the  mechanical 
origin  of  which  is  far  from  evident ;  but  while  studying  them  we 
must  be  on  our  guard  against  the  granite  veins,  and  other  intru- 
sions of  the  same  rock,  which  are  also  observable  in  that  country. 
Even  the  decidedly  crystalline  compounds,  such  as  some  varieties 
of  a  sienitic  rock,  are  so  mixed  up  with  them  that  it  would  be 
TBiy  hazardous  to  affirm  where  the  series,  in  which  conAisedly 
etystalline  compounds  prevail,  may  commence,  or  where  the  me- 
duuiical  and  fossiliferous  deposits  may  terminate.  The  highly 
jkidarated  sandstones  also,  which  are  clearly  included  among  the 
Ibssiliferous  rocks  of  Normandy,  so  pass  into  a  quartzose  rock, 
tiiat,  as  M.  Brongniart  has  observed,  they  often  present  the  ap- 
pearance of  having  been  produced  by  conmsed  crystallisation. 

The  study  of  this  part  of  our  subject  must  always  be  attended 
Irith  great  difficulty ;  for  independentiy  of  the  mixture  of  chlorite, 
taloose,  and  other  slates  with  the  lowest  fossiliferous  deposits, 
^sciued  by  circumstances  above  noticed,  we  have  to  contend  with 
iSbB  presence  of  igneous  rocks  injected  among  these  deposits  in  the 
line  of  their  stratification,  thus  producing  the  most  deceptive  ap- 
Ipearances.  No  small  difficulties  are  also  caused  by  the  alteration 
of  roeks,  arising  from  the  protrusion  of  granite  and  other  igneous 
products  among  them,  such  products  often  causing,  when  the 
masses  are  large,  very  remarkable  changes,  the  grauwacke  argilla- 
ceous slates  assuming  the  appearance  of  a  variety  of  older  rocks. 

•  Phillips  and  Woods,  Annals  of  Philosophy,  1822. 

f  Figures  of  the  Organic  Remains  obtained  from  Snowdon,  by  Messrs. 
ihilllips  and  Woods,  will  be  found  in  the  Annals  of  Philosophy,  vol.  iv. 
(1822)  pi.  17.  new  series.  Shells  from  Tintagel  and  Snowdonia  are  also 
figured  in  the  Geol.  Trans,  vol.  iv.  pi.  25. 

X  ioumal  des  Mines,  torn,  xxzv.  1814, 
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To  describe  the  precise  Hmits  of  the  fossiUfexoiis  deposita,  and 
draw  fine  lines  of  distinction  between  them  and  the  noa-foasQile- 
niiis  rocks,  is  obviously  impossible.  We  can  only  infer  that  die 
remains  of  organic  life  were  generally  entombed  in  deposits  of 
mechanical  origin,  as  well  at  this  early  period  as  sabaeauent  to  it 
Respecting  the  abundance  and  different  structures  of  fbe  animik 
first  called  into  existence,  we  shall  never  perhaps  have  any  dei- 
nite  ideas ;  for  the  preservati<m  of  any  porti<m  of  their  more  idii 
parts  must  always  nave  depended  on  a  great  variety  of  dreom- 
stances,  not  Ukely  to  have  been  most  fiivourable  during  a  state  of 
things,  in  which  a  change  was  effected  from  the  formatioD  of 
such  rocks  as  gneiss,  mica  slate,  and  others  of  the  same  desei^ 
tion,  to  the  deposit  of  those  evidently  of  mechanical  origin. 

Whatever  the  kind  of  animal  life  may  have  been  which  fint 
iqppeared  on  the  sur&ce  of  our  planet,  we  may  be  certain  that  it 
was  consistent  with  the  wisdom  and  design  wluch  has  always  pre* 
vailed  throughout  nature,  and  that  each  creature  was  pecidiadf 
adapted  to  that  situation  destined  to  be  occujned  by  it.  Beaiiiy 
therefore  in  mind  this  general  adaptation  of  ftninnftli^  to  the  d^ 
cumstances  under  which  they  are  placed,  we  may  be  led  so  ftrti 
q>eculate  at  this  early  condition  of  life,  as  to  inquire,  what  kind  if 
creatures,  judging  from  the  general  character  of  those  known  to  a^ 
might  flourish  at  a  period  when  there  mieht  have  been  a  compv^ 
tive  difiiculty  in  procuring  carbonate  of  lime  for  their  solid  paiti. 
It  will  be  obvious  that  fle&y  and  gelatinous  creatures,  such  as  iff- 
dutiB  and  other  animals  of  the  like  kind,  might  have  abounded,  M 
far  as  regards  a  comparative  scarcity  of  this  substance.  Hence  it 
would  be  possible  to  have  the  seas  swarming  with  these  and  shni- 
lar  animals,  while  testaceous  creatures  and  others  with  solid  parti 
were  rare. 

These  remarks  are  merely  intended  to  show,  that  the  scard^ 
of  organic  remains  observed  in  the  lowest  fossiliferous  deposits  bf 
no  means  proves  a  scarcity  of  animal  life  at  the  same  period, 
though  from  it  we  may  infer  that  testaceous  and  other  animsli 
with  solid  parts  were  not  abundant  Mere  fleshy  creatures  msj 
have  existed  in  myriads  without  a  trace  of  them  having  bees 
transmitted  to  us.  In  proof  of  this,  if  any  were  requisite,  we  may 
inquire  what  portion  of  those  m3rriads  of  fleshy  animals,  which  now 
swarm  in  some  seas,  could  be  transmitted,  as  organic  remains,  to 
future  ages*. 

*  Dr.  Turner  has  suggested  to  me,  that  under  this  supposition  of  an 
abundance  of  Medusae  or  of  analogous  creatures  among  the  early  inkt- 
bitants  of  our  globe,  we  may  perhaps  account  for  the  bituminous  natare 
of  some  of  the  earlier  limestones,  more  particularly  of  the  carboniferoai 
aeries,  in  which  not  a  trace  of  solid  organic  remains  can  be  observed ;  6r 
the  decomposition  of  a  masa  of  «vlc\v  creatures  would  produce  much  biti- 

minous  matter,  which  ma^  Y^^ve  «aXat«dL\BX^^\BX&^^  tami^QsitioB  U 

X/mestones  then  forming. 
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nay  be  remarked,  while  on  this  subject,  that  though  an  ez- 
e  distribution  of  carbonate  of  lime  is  essential  to  a  great 
f  of  animals,  it  is  surprising  how  little  may  supply  the  wants 
ae,  even  those  with  yertebrse,  such  as  sharks  and  cartilagi- 
ish  generally.  To  consider  liiat  there  may  have  been  some 
ction  between  the  animals  with  solid  parts  and  a  facility  of 
ring  carbonate  of  lime  on  the  surface  of  the  globe,  appears 
tly  consistent  with  the  design  manifested  in  the  creation, 
se  it  assumes  such  design  at  all  periods,  and  constant  bar- 
between  the  forms  of  creatures  and  their  mode  of  existence. 

imagine  a  mass  of  animals  to  be  suddenly  caUed  into  life, 
properly  provided  with  its  solid  parts,  the  carbonate  of  lime 
med  in  these  bodies  would  no  doubt  be  sufficient  for  a  con- 
quantity  of  the  same  animal  life  during  a  succession  of  ages ; 
ly  devouring  each  other,  this  necessary  substance  would  be 
nitted  from  one  creature  to  another.  We  are  however  cer- 
hat  this  has  not  been  the  case ;  for  the  solid  parts  of  animals 
i  have  been  successively  imbedded  in  various  rocks,  consti- 
i  very  large  proportion  of  certain  of  those  rocks,  and  if  with- 
a  from  the  fossiUferous  deposits  generally,  would  very  con- 
ibly  diminish  their  thickness.  Therefore  if  the  exuvise  of  ani- 
had  not  been  entombed,  and  if  the  supply  of  carbonate  of  lime 
lot  been  greater  than  that  which  could  nave  been  derived  from 
lere  destruction  of  one  animal  by  another,  for  the  purpose  of 

the  surface  of  our  planet  would  not  have  been  what  it  now 
nd  consequently,  the  fitness  of  things  for  the  end  proposed 
I  constant  in  creation,  the  general  condition  of  ammal  and 
;able  life  would  not  have  been  such  as  we  now  find  it 
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Section  XI. 

INFERIOR  STRATIFIED  OR  NON-FOSSILIFER( 

ROCKS. 

Syn. — Clay  slate  (Schiste  Argilleux,  Fr. ;  PhylladCf  Daubuisson ; 
schirfieff  Germ.).  Aluminous  slate  {Ampelite  Alumineux, 
Schiste  AlumineuXf  Fr. ;  Alaunschiefer,  Germ.).  Whetston 
(Schiste  coticuldf  Brong. ;  Wetzschiefer,  Germ.).  Flinty  slate  ( 
siliceuXf  Fr.  ;  Jcupe  Schistoide,  Brong.  ;  Kieselschiefer,  < 
Chlorite  s\a.te\Schiste  CMoritetuCf  Fr. ;  Chloritschieferf  Germ.), 
cose  slate  (^Schiste  Talqueux,  Fr. ;  Talkschiefer,  Germ.).  St 
Hornblende  slate  (AmpkiboUte  Schistoide,  Fr. ;  Homblendi 
Germ.).  Hornblende  rock  {Amphiholitef  Daubuisson).  Qoai 
{^Quartzite,  Brong. ;  Quarzfels,  Germ.).  Serpentine  (Oj 
Brong.  ;  Serpentin,  Germ.).  Diallage  rock  {Euphotide, 
Schillerfels,  Germ.).  Whitestone  {Eurite,  Daubuisson ;  Wi 
Germ.).  Mica  slate  {Schiste  Micace  ;  Micaschiste,  Fr.  ;  Gt 
schiefeff  Germ.).     Gneiss  {Gnetss,  Fr. ;  GneusSf  Germ.}.     Pn 

We  have  now  arrived  at  that  early  condition  of  our  planet, 
as  far  as  our  knowledge  extends,  neither  animal  nor  vegeta 
existed  on  its  surface.  The  student,  instead  of  wandering  in 
nation  amid  forests  and  over  lands  and  seas,  surrounded  by  i 
vegetables  and  still  stranger  animals,  should  now  direct  nil 
tion  to  those  laws  which  govern  inorganic  matter.  This  n 
at  first  sight  be  so  attractive  as  the  contemplation  of  the 
forms  of  organic  life  and  the  possible  conditions  under  'vi 
may  have  existed ;  but  it  will  nevertheless  be  found  equally 
more  delightful,  as  the  inquirer  obtains  more  certain  residt 
the  investigation  being  conducted  through  the  medium  of 
act  sciences. 

It  must,  on  the  outset,  l^e  confessed  that'  little  has  yet  b 
complished  respecting  the  causes  which  may  have  produced 
mica  slate,  and  other  rocks  of  the  same  character. .  Name: 
various  compound  and  confusedly  crystalline  rocks  we  I 
abundance,  and  if  the  investigation  required  no  other  aid  wi 
sit  down  satisfied ;  but  unfortunately  the  abundance  of  these 
has  confused  the  subject,  and  the  student  has  more  frequent 
tented  himself  with  arranging  and  disarranging  particular  i 
compoimds  in  a  cabinet,  than  in  investigating  meir  gener 
tions  to  each  other,  and  the  occurrence  of  the  whole  in  the 

It  will  readily  be  admitted,  that  the  difficulty  of  the  su 

very  considerable,  requiring  considerable  insight  into  th( 

sciences ;  but  the  subject  being  difficult  would  seem  a  good 

why  the  more  advanced  cvAlivaXot^  oi^Q^^v£\^\x<(:n&^Quld 
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it,  offering  as  it  does  such  an  ample  field  for  the  exertion  of  their 
abilities. 

The  inferior  stratified  rocks  are  of  various  compositions,  some- 
times so  passing  into  each  other,  that  it  is  almost  impossible  to 
affix  definite  names  to  the  different  mixtures.  The  strata  rarely 
present  a  simple  mineral  substance  constituting  a  large  tract  of 
country,  without  the  admixture  of  other  substances,  imless  we  con- 
sider clay  slate  as  such.  Before  however  we  proceed  further, 
the  student  should  become  acquainted  with  the  following  rocks, 
which  more  particularly  appear  to  deserve  distinguishing  names. 

Argillaceous  or  Clay  Slate. 

This  rock,  as  its  name  implies,  is  schistose,  and  contains  a 
considerable  portion  of  argillaceous  matter.  It  varies  materially 
as  to  induration,  fissility,  and  composition;  and  is  commonly 
undistinguishable,  except  in  its  geological  relations,  from  the 
argillaceous  slates  of  the  grauwacke  series.  Its  origin  there- 
fiire  becomes  very  ambiguous,  and  is  not  the  less  so  trom  often 
containing  cubical  and  other  regularly  formed  crystals  of  iron 
pyrites,  affording  evidence  that  me  rock  was  once  in  that  con- 
dition to  permit  the  free  arrangement  of  sulphuret  of  iron  into 
ffiystals, — a  fact  observable  in  the  argillaceous  deposits  of  all  ages,^ 
mme  decidedly  of  mechanical  origin ;  therefore  we  have  no  direct 
•vidence  to  show  that  the  argillaceous  slates  of  this  epoch  may  not 
also  have  been  mechanically  produced ;  for  the  fineness  of  grain 
wiU  by  no  means  assist  us,  the  texture  of  the  roofing  slates  ob- 
tained firom  the  grauwacke  series  being  altogether  as  fine  as  that  of 
iStte  argillaceous  slates  associated  with  the  mica  slate,  or  gneiss. 
Like,  sdso,  the  argillaceous  slates  of  the  same  saries,  the  lines  of 
cleavage  are  frequently  not  the  same  with  those  which  appear  to 
be  lines  of  stratification,  but  meet  them  at  various  angles.  Ar- 
gillaceous schist  passes  gradually  into  chlorite  slate,  talcose  slate, 
and  other  rocks,  by  gradually  acquiring  particular  minerals,  which 
finally  replace  the  matter  of  the  argillaceous  slate. 

Chlorite  Slate. 

This  is  by  no  means  an  unfrequent  associate  of  the  preceding, 
into  which  it  passes  on  the  one  hand,  while  it  graduates  into  mica 
slate,  &c.  on  the  other.  It  is  of  course  essentially  composed  of 
chlorite,  which  occurs  alone  or  mixed  with  quartz,  felspar,  horn- 
blende and  mica,  in  various  proportions. 

Talcose  Slate. 

This  is  also  a  rock  into  which  argillaceous  slate  graduates,  at 
first  acquiring  a  few  plates  of  talc,  and  afterwards  becoming 
replaced  by  that  mineral,  generally  aaaodat^^  Vvi^Ew  o^^xXa.^  ^^ 
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quartz  and  felspar.    There  is  not  unfrequeutly  a  transition  from 
uiis  rock  into  mica  slate. 

Quartz  Bock. 

According  to  Dr.  Macculloch,  to  whom  we  are  indebted  for  our 
more  exaot  knowledge  of  this  substance,  quartz  rock  so  varies  in 
its  texture,  that  sometimes  it  appears  of  a  chemical,  and  at  othen 
of  a  mechanical  origin, — a  circumstance  from  whence  it  derives 
much  interest,  being  associated  as  it  is  with  a  large  proportion  of 
the  rocks  under  consideration.  The  same  author  observes  that  it 
rarely  occurs  compact  and  crystalline  throughout,  like  quartx,  at 
it  usually  appears  in  veins ;  its  general  aspect,  when  pure,  being 
obscurely  granular,  "  which  by  degrees  becomes  somewhat  la 
and  arenaceous ;  the  grains  varying  in  their  size  and  the  intimacy 
of  their  union.  In  some  of  mese  examples  it  appears  to  be  a 
granular  crystalline  mass;  in  others  it  possesses  a  mixed  mecha- 
nical and  chemical  texture ;  while  in  a  third  the  rounded  aspect 
of  the  grains,  and  the  small  number  of  the  points  of  contact,  w^ 
pear  to  indicate  an  origin  chiefly  mechanical,  and  resulting  firan 
the  agglutination  of  sand  *."  It  should  be  remarked  respectaig 
this  definition  of  quartz  rock,  that  Dr.  Macculloch  has  included  Ae 
grauwacke  among  his  primary  class ;  therefore  if  auartz  rock  be  as- 
sociated with  grauwacke,  as  it  is  in  Normandy  ana  other  countriei» 
an  arenaceous  texture  would  be  quite  in  accordance  with  the 
mechanical  origin  of  the  mass  of  grauwacke  generally ;  while  if 
quartz  rock  should  be  commonly  more  crystidline  when  mixed 
with  gneiss  or  mica  slate,  this  also  would  harmonize  with  the  tex- 
ture of  the  associated  rocks.  This  however  is  mere  theory ;  but 
as  the  subject  involves  the  question  of  the  occurrence  of  mecha- 
nical rocks  throughout  the  mass  of  confusedly  crystalline  com- 
pounds, it  should  not  be  lightly  passed  over ;  consequently  we 
should  neither  hastily  admit  nor  reject  the  possibility  of  such  a 
mixture  or  alternation.  This  rock  is  well  known  in  Scotland  and 
its  isles;  and  according  to  MM.  Humboldt  and  Eschwege,  it 
is  of  an  extent  and  thickness  in  the  Cordilleras  of  the  Andes  and 
in  Brazil,  far  exceeding  what  we  are  acquainted  with  in  En- 
rope.  Some  of  these  Brazilian  rocks  are  auriferous,  and  M. 
£schwege  attributes  the  auriferous  and  platiniferous  depoaltg  of 
that  country  to  their  decomposition  or  destruction. 

Hornblende  Rock  and  Slate, 

Under  this  head  are  included,  following  the  suggestions  of  Dr- 
Macculloch^  all  those  compounds,  clearly  contemporaneous  with 
the  rocks  among  which  they  occur,  of  which  hornblende  consti- 
tutes an  essential  and  prevailing  ingredient.  Much  of  this  rock 
has  been  known  by  the  names  of  primitive  greenstone,  and  greeo- 

*  Macculloch,  Qeo\of^c»\  C\aam&sa9Lv»x  ^t  BLocka. 
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iftone,  slate,  being  composed  of  hornblende  and  felspar.  The 
hornblende  sometimes  so  predominates  as  to  exclude  other  mine- 
rals. As  the  names  imply,  these  rocks  occur  both  compact  and 
£ssile ;  in  the  latter  case  the  felspar  is  frequently  green. 

Saccharine  Limestone. 

This  rock  occiu*s  variously  associated  among  the  inferior  strati- 
fied rocks,  but  is  by  no  means  confined  to  them ;  for,  as  has  already 
been  noticed,  it  is  discovered  among  the  fossillferous  deposits,  as, 
for  instance,  amid  the  belemnitic  rocks  of  the  Western  Alps.  It 
is  of  various  colours,  but  principally  white,  affording  the  well 
known  statuary  marbles  of  Greece  and  Italy.  It  is  sometimes 
large-grained,  as,  for  example,  that  included  in  mica  slate  on  the 
lake  of  Como,  which  afforded  the  mass  of  materials  for  the  con- 
struction of  the  celebrated  Duomo  at  Milan.  From  a  mixture  of 
talc  or  mica,  it  sometimes  becomes  schistose.  It  is  more  than 
probable  that  some  of  the  crystalline  dolomites  are  associated  with 
these  marbles  and  others  of  the  rocks  under  consideration.  The 
limestones  not  only  vary  in  their  crystalline  character,  but  pass 
into  compact  substances,  and  become  mixed  with  various  mme- 
rals,  such  as  hornblende,  augite,  quartz,  &c.  A  remarkable  com- 
pound, consisting  of  nearly  compact  limestone  with  small  crystals 
of  felspar,  and  thus  forming  a  kind  of  porphyry  with  a  calcareous 
base,  occurs  at  the  Col  de  Bonhomme,  near  Mont  Blanc,  consti- 
tuting the  calciphyre  felspathique  of  M.  Brongniart. 

Eurite, 

A  rock  principally,  and  in  many  case's  entirely,  composed  of 
the  substance  named  compact  felspar.  It  does  not  appear  to  con- 
stitute any  extensive  tracts  in  nature,  but  to  be  generally  subordi- 
nate to  gneiss  or  mica  slate. 

'Mica  Slate, 

This  rock  is  essentially  composed  of  mica  and  quartz,  and 
forms  extensive  tracts  of  country,  as  well  as  thin  beds  included 
among  other  rocks.  Mica  slate  sometimes  contains  garnets  so 
abundantly,  that  they  may  almost  be  regarded  a  regular  compo- 
nent part  of  the  rock.  It  graduates  on  the  one  hand  into  gneiss, 
and  on  the  other  into  talcose  slate,  chlorite  slate,  and  other  com- 
pounds. 

Gneiss, 

This  rock  is  either  schistose  or  divided  into  beds  which  vary 
in  thickness.  It  is  composed  of  quartz,  felspar,  mica,  and  horn- 
blende, with  the  occasional  mixture  of  other  minerals.  Sometimes 
one  of  these  minerals  is  absent,  sometimes  another :  froia  t\s\% 
loss  of  either  the  quartz,  felspar,  mica  ox  Yioxi^eiv^^).  «5i^  ^^'^sv 
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the  occasional  absence  of  even  two  of  them,  as  well  as  the  ad- 
mixture of  other  substances,  there  results  a  very  yariable  geneiii 
pompoimd.  When  it  occurs  confusedly  crystallized  in  regulu 
beds,  the  mica  not  being  distributed  in  plates  parallel  to  the  strati, 
as  is  the  case  in  the  fissile  and  schistose  gneiss,  it  is  really,  as 
far  as  mineralogical  characters  are  concerned,  nothing  but  that 
much  disputed  substance,  stratified  granite.  And  this  is  rendered 
even  more  apparent,  when,  as  happens  in  the  Alps,  Scotland, 
and  other  situations,  large  crystals  of  felspar  are  dissemioated 
through  it  as  in  the  granite  of  Dartmoor,  &c.  When  blocks  have 
been  detached  firom  this  gneiss,  as  has  happened  with  many  of 
the  erratic  blocks  of  the  Alps,  they  cannot  be  distinguished  nom 
those  of  true  granite.  Gneiss,  with  its  variations,  constitutes  veiy 
considerable  tracts  of  country. 

Protogine  may  conveniendy  be  arranged  with  gneiss,  the  oiilj 
difference  between  its  decidedly  stratified  varieties  and  the  gnein 
being  the  substitution  of  talc  and  steatite  for  the  mica.  Protosine 
is  the  well  known  granitic  rock  of  Mont  Blanc,  which  certamlj 
has  the  appearance  of  graduating  into  a  more  massive  compound; 
but  in  this  it  does  not  difier  from  gneiss,  which  also  seems  to  past 
into  granite  in  a  similar  manner. 

Although  the  above  are  the  most  remarkable  of  the  inferior 
stratified  rocks,  they  are  far  from  being  the  whole  of  them.  The 
varieties  and  transitions  of  one  to  the  other  appear  endless,  and, 
occurring  in  no  determinate  order,  set  classifications  utterly  at 
defiance.  It  was  at  one  time  considered  that  gneiss  was  the  in- 
ferior rock,  and  was  succeeded  by  mica  slate ;  but  this  is  foimd  to 
be  by  no  means  the  case,  the  two  being  intimately  blended  with 
each  other  as  well  as  with  other  compounds.  It  must  however  be 
confessed  that  the  mass  of  the  gneiss  frequently  appears  to  occupy 
an  inferior  position. 

All  this  apparent  confusion,  and  this  passage  of  one  rock  into 
another,  though  it  embarrasses  arrangements,  may  be  precisely 
the  circumstances  which  may  lead  to  some  knowledge  of  the 
causes  that  have  produced  the  lowest  stratified  rocks.  These 
irregular  passages,  and  the  possibility  of  discovering  any  given 
rock  at  the  top  as  well  as  at  the  bottom  of  the  series,  show  that 
the  causes,  whatever  they  may  have  been,  which  produced  this 
variety  in  the  substances,  were  secondary,  and  that  there  was  some 
general  cause  upon  which  the  formation  of  the  whole  depended. 

If  we  also  consider  what  minerals  have  entered  most  largehr 
into  the  composition  of  the  whole  mass,  we  find  that  quarts,  fel- 
spar, mica,  and  hornblende,  are  those  with  which  it  most  abounds, 
and  which  impress  their  characters  upon  its  various  portions; 
chlorite,  talc,  and  carbonate  of  lime,  are  certainly  not  wanting; 
hnt  if  we,  as  it  were,  withdraw  ourselves  from  the  earth  and  look 
down  upon  such  parts  o{  ita  wxx^a<^^  «a  «c^  ^g^^sii^^aU.^  known; 
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we  find  that  these  latter  mineral  suhstances  constitute  a  very  small 
portion  of  the  whole.  The  inferior  stratified  rocks  which  form  the 
laigest  part  of  the  exposed  surface  of  our  planet  are  gneiss  and 
mica  slate,  and  when  viewed  on  the  great  scale,  the  others  are 
more  or  less  subordinate  to  them. 

Supposing  this  view  an  approximation  to  the  truth,  we  arrive 
at  another  and  important  conclusion  ;  namely,  that  the  minerak 
which  compose  the  mass  of  these  stratified  rocks  are  precisely  those 
which  constitute  the  mass  of  the  unstratified  rocks,  rocks  which, 
from  the  phaenomena  attending  them,  are  referred  to  an  igneous 
origin.     We  may  here  inquire  what  are  the  circumstances  which 
have  determined  the  arrangement  of  these  minerals  into  stratified 
masses  in  the  one  instance,  and  into  unstratified  masses  in  the 
other?    This  question  is  by  no  means  of  easy  solution  in  the  pre* 
sent  state  of  our  knowledge :  but  while  we  wait  for  information,  it 
may  be  observed  that  the  conditions,  under  which  the  two  classes 
of  rocks  were  produced,  must,  to  a  certain  extent,  have  been 
very  distinct.    Vet  we  find,  still  viewing  the  subject  in  the  mass, 
that  the  same   elementary  substances  have  produced  the  same 
minerals  in  both,  the  only  difierence  between  them  being  their 
general  difierence  of  arrangement  relatively  to  each  other,  so 
that  they  should  constitute  a  stratified  compound  in  the  one  case, 
and  not  in  the  other.    Looking  into  the  structure  of  gneiss,  mica 
slate,  chlorite  slate,  talc  slate,  &c.  we  find,  if  we  except  the  thick- 
bedded  gneiss  or  stratified  granite,  that  it  is  the  arrangement  of 
die  mica,  chlorite,  or  talc  in  certain  general  planes  which  has 
produced  the  fissile  and  schistose  structure.    This,  however,  has 
not  been  the  only  cause  of  stratification,  (if  it  may  be  so  termed, 
the  lines  of  fissility  not  being  necessarily  those  of  stratification,) 
for  we  find,  in  the  thick-bedded  gneiss,  the  hornblende  rock,  the 
quartz  rock,  the  eurite,  and  the  saccharine  limestone,  that  other 
causes  must  have  produced  thick  beds  of  confiisedly  crystallized 
substances. 

There  is,  nevertheless,  so  much  apparent  mineralogical  resem- 
blance between  these  two  classes  of  rocks,  that  we  can  scarcely  re- 
frain firom  conjecturing  the  remote  origin  of  the  one  and  of  the 
other  to  be  in  some  manner  connected,  modifying  circumstances 
having  impressed  certain  characters  on  each.  It  must  be  confessed 
this  is  a  mere  h3rpothesis,  and  the  student  must  be  careful  only  to 
consider  it  in  that  light ;  but  it  may  be  asked,  what  essential  dif- 
ference there  is  between  thick-bedded  gneiss,  particularly  that  with 
imbedded  crystals  of  felspar,  and  granite,  between  some  horn- 
blende rocks  and  greenstone, — except  that  the  one  occurs  quietly 
interstratified  in  beds,  while  the  other  is  unstratified,  even  some- 
times cutting  through  stratified  and  similar  compounds?  We 
may  here  also  notice  serpentine  and  diallage  rock,  of  which  there 
is  often  good  evidence  (as  will  be  seen  in  l\xe  'nei^X.^^Os^x^y^^t.  ^^ncv- 
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sidering  igneous  and  injected  rocks,  cutting  strata  in  the  manner 
of  granite  and  greenstone.  I  have  never  myself  observed  these 
rocks  stratified,  but  Dr.  Macculloch  appears  to  be  certain  that 
they  are  so  in  the  Scottish  Isles.  A  priori,  we  should  imagine  that 
there  was  as  much  probability  in  finding  stratified  rock^  whose 
mineralogical  composition  should  render  them  serpentine,  and  iti 
common  associate  diallage  rock,  as  that  we  should  find  stratified 
rocks  mineralogically  the  same  with  granite  and  greenstone: 
therefore  we  should  be  disposed  to  admit  them  into  the  catalogue 
of  inferior  stratified  rocks,  even  if  we  had  not  the  direct  opimoni 
of  Dr.  Macculloch  and  some  other  geolo^ts  on  the  subject.  As 
the  question  is  one  of  some  interest,  it  should  be  stated  that  the 
localities  where  the  stratification  may  be  observed,  and  which  are 
pointed  out  by  this  author,  are ;  for  diallage  rock,  Unst,  Balta, 
and  Fetlar ;  and  for  serpentine,  also  the  Shetland  Islands.  The 
stratification  is  described  as  often  obscure ;  but  the  diallage  rock 
is  stated  to  be  associated  with  gneiss,  mica  slate,  chlorite  slate, 
and  argillaceous  slate,  alternating  with  them ;  and  when  occu]> 
ring  distinct,  presenting  the  same  dip  and  direction  as  the  neigh- 
bouring rocks.  According  to  Dr.  Macculloch,  there  can  be  no 
doubt  that  serpentine  is  stratified  in  Unst ;  as  also  appears  to  he 
the  case  in  Fetlar,  though  the  strata  are  not  there  so  regular. 

It  must  not  be  inferred,  from  the  small  space  here  dedicated  to 
the  inferior  stratified  rocks,  that  they  are  of  little  importance ; 
for  they  are  found  to  occupy  a  large  portion  of  the  earth  s  surface, 
wherever,  from  denudations  and  disruptions  of  strata,  or  from  the 
original  absence  of  superincumbent  rocks,  they  are  exposed  to 
our  observation.  As  whenever  they  are  observed,  whether  in 
Asia,  North  America,  or  £urope,  they  appear  with  constant 
general  characters,  we  may  assume  that  common  causes  have  pro 
duced  them  over  the  surface  of  the  globe,  and  that  these  common 
causes  are  principally  chemical,  inasmuch  as  the  prevalent  minera- 
logical character  of  the  mass  is  confusedly  crystalline. 

We  may  therefore  infer,  from  finding  these  rocks  with  con- 
stant general  characters,  whenever  circumstances  permit  us  to 
observe  them  emerging  from  beneath  the  mass  of  strata  in  which 
organic  remains  are  entombed,  that  general  chemical  laws  have 
been  in  operation  contemporaneoudy  over  the  surface  of  our 
planet,  ana  previously  to  the  existence  of  animal  and  vegetable 
life  upon  it,  producing  rocks  of  great  collective  thickness.  Hence 
the  student  may  always  consider,  that,  whatever  may  be  the 
nature  of  the  deposits  on  which  he  stands,  such  strata  exist  he- 
neath  them,  unless  in  cases  where  masses  of  igneous  rocks  have, 
by  protrusion,  forced  them  asunder,  and  left  no  stratified  suh- 
tances  intermediate  beween  the  surface  and  the  interior  of  the 
ghhe. 

It  would  be  tedious  to  eTiMaieni\ft  V)cift  ^^^fvosvsA  fA!cQA.tlQQa  where 
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these  rocks  may  be  found ;  it  will  suffice  to  state  that  there  is 
scarcely  any  very  large  extent  of  country,  where  from  some  acci- 
dent or  other  they  are  not  exposed  on  the  surface.  They  ahoimd 
in  Norway,  Sweden,  and  Northern  Russia ;  they  are  common  in 
the  North  of  Scotland,  whence  they  stretch  over  into  Ireland.  In 
the  Alps  and  some  other  mountains  they  occupy  the  central  lines 
.of  elevation,  as  if  brought  to  light  by  the  movements  which  have 
thrown  up  the  different  chains.  They  abound  in  the  Brazils,  and 
occur  extensively  in  the  United  States.  Our  navigators  have 
4hown  that  they  are  sufficiently  common  in  the  vanous  remote 
parts  of  North  America  visited  by  them.  They  are  found  exten- 
sively in  the  great  range  of  the  Himalaya.  Ceylon  is  in  a  great 
measure  composed  of  them;  and  they  would  not  appear  to  be 
scarce  in  various  other  parts  of  Asia.  In  Africa  also  we  know 
chat  they  are  not  wanting,  though  but  so  small  a  part  of  that  con- 
tinent has  been  yet  explored  with  scientific  views. 
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Section  XII. 

UNSTRATIFIED  ROCKS. 

The  rocks  constituting  this  natural  group  are  widely  distributed 
over  the  surface  of  the  world,  are  found  mixed  with  idmost  all  die 
stratified  rocks,  and  bear  every  mark  of  having  heen  ejected  fron 
beneath.  They  conunonly  occur  either  as  protruded  masses,  as 
overlapping  masses,  resultmg  from  the  spread  of  matter  ate 
ejection,  or  as  veinstones  filRng  fissures,  apparently  consequent 
on  some  violence  to  which  the  strata  have  been  subjected. 

The  aspect  of  the  unstratified  rocks  is  exceedingly  various  as 
far  as  respects  their  texture,  and  the  absence  or  presence  of  ihe 
few  minerals  which  essentially  enter  into  their  composition.  These 
variations  would  however  in  general  appear  the  result  of  the  circum- 
stances to  which  they  have  been  exposed;  and  not  iinfrequently 
the  same  mass,  if  of  tolerable  extent,  will  present  a  great  variety  ci 
compoimds,  to  which  separate  names  might  be  (and  indeed  have 
been)  assigned,  if,  instead  of  directing  attention  to  the  mass,  the 
small  changes  in  mineralogical  structure  are  alone  observed. 

In  the  earlier  days  of  geology,  granite  was  considered  the  fun- 
damental rock  on  which  all  others  were  accumulated ;  but  this 
opinion,  like  many  others,  has  now  given  way  before  facts ;  for, 
as  will  be  seen  in  the  sequel,  we  have  examples  of  granite  resting 
upon  stratified  and  fossiliferous  rocks  of  no  very  great  comparative 
antiquity.  It  must  however  be  confessed,  that  granite  appeals 
sometimes  to  alternate  in  considerable  thickness  with  the  inferior 
stratified  rocks,  and  that  the  separation  of  it  from  gneiss,  par- 
ticularly thick-bedded  gneiss,  is  very  ambiguous.  Before,  how- 
ever, we  proceed  further  with  the  consideration  of  the  unstratified 
rocks,  it  will  be  necessary  to  premise  a  sketch  of  their  minera- 
logical characters,  omitting  those  of  the  rocks  usually  termed  vol- 
canic, which  have  been  already  noticed. 

Granite 

Is  a  confusedly  crystalline  compound  of  quartz,  felspar,  mica,  and 
hornblende.  It  is  not  essential  that  all  these  four  mmerals  should 
be  present ;  on  the  contrary,  rocks  have  been  termed  granite  when 
only  felspar  and  mica,  felspar  and  quartz,  felspar  and  hornblende, 
and  quartz  and  hornblende,  have  been  the  constituent  minerals. 
Such  an  employment  of  the  term  granite  must  be  used  with 
much  caution,  as  for  instance  in  the  case  of  the  compound  of  fel- 
spar and  hornblende,  which  in  fact  is  mineralogical  greenstone, 
and  should  not  be  named  granite  unless  it  constitutes  a  very  sub- 
ordinate portion  of  a  mass  to  ^Vd<i\v  the  term  may  be  more  pro- 
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perly  applied,  and  results  from  the  accidental  absence  of  one  or 
two  of  the  above-named  minerals  for  a  limited  space.  The  most 
prevalent  compound  is  one  with  quartz,  felspar,  and  mica ;  when 
nomblende  replaces  the  mica,  it  is  sometimes  termed  sienite. 
Other  minerals,  such  as  chlorite,  talc,  steatite,  &c.  are  sometimes 
arranged  with  those  above  enumerated  in  various  ways  and  pro- 
portions ;  but  such  compounds  can  only  be  considered  as  acci- 
dental varieties.  When  the  quartz  and  lelspar  occur  alone,  and 
the  crystallization  is  such  that  the  former  appears  disseminated  in 
the  latter,  it  is  termed  graphic  granite,  from  the  supposed  resem- 
blance it  bears  to  antique  characters.  Granite  is  occasionally 
porphyritic,  as  is  the  case  in  Cornwall  and  Devonshire,  large 
crystals  of  felspar  being  disseminated  through  the  mass,  showing 
that  however  confused  the  general  crystallization  may  have  been, 
circumstances  were  such  as  to  permit  the  production  of  distinct 
crystals  of  felspar. 

Diailage  Rock  {Euphotide,  Haiiy;  SchillerfeU^  Germ.).    Serpen- 
tine (Ophiolite,  Al.  Brong. ;  Serpentin,  Germ.). 

These  are  so  intimately  connected,  that  to  separate  them  seems 
impossible,  passing,  as  they  sometimes  do,  in  all  directions  into 
each  other.  Diailage  rock  when  pure  is  composed  of  diailage 
and  felspar.  Serpentine  when  pure  is  generally  considered  as  a 
simple  mineral  substance,  and  forms  large  masses  in  that  state, 
but  seldom  prevails  to  any  extent  without  acquiring  diailage. 
These  rocks  are  sometimes  blended  with  compounds  of  the  green- 
stone class,  and  apparently  pass  so  insensibly  into  them  that  they 
can  only  be  considered  as  parts  of  a  common  mass,  though  die 
serpentine  and  diailage  rock  generally  prevail  in  such  cases. 

GreemUme  {Grumtein,  Germ.;  Diabase,  Al.  Brong.),  and  the 
other  rocks  ustially  termed  Trappean, 

These  also  so  pass  one  into  the  other,  that  frequentiy  in  a  mass 
of  inconsiderable  extent  a  great  variety  may  readily  be  obtamed. 
They  vary  in  texture  from  an  apparentiy  simple  rock  to  a  con- 
fusedly crystalline  compoimd,  in  which  crystals  of  felspar  are  dis- 
seminated. It  has  long  since  been  observed  by  Dr.  Macculloch, 
that  ^*  the  predominant  substance  in  the  members  of  this  family 
is  a  simple  rock,  of  which  indurated  clay  or  wack6  may  be  placed 
at  one  extreme,  and  compact  felspar  at  the  other ;  the  intermediate 
member  being  claystone  and  clinkstone.  In  some  cases  it  forms 
the  whole  mass ;  in  others  it  is  mixed  with  other  minerals,  in  va- 
rious proportions  and  in  various  manners ;  thus  producing  great 
diversities  of  aspect,  without  any  material  variations  in  the  funda- 
mental character*."      As  may  be  readily  imagined,  no  exact 

*  Macculloch,  Geological  Classification  of  Rocks,  1821,  p.  480. 
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definition  can  be  given  of  that  which  is  constantly  changing  io 
nature.  Claystone,  as  its  name  implies,  resembles  clay  under 
different  degrees  of  induration ;  and  not  unfrequently,  when  in 
mass,  acquires  a  columnar  structure.  Clinkstone  appears  an  in- 
termediate step  to  compact  felspar,  which,  according  to  Dr.  Mac- 
cuUoch,  contains  both  potash  and  soda,  while  common  felspar 
contains  potash  only.  Where  substances  are  so  continually  vaiy- 
ing,  it  is  clearly  not  very  possible  exactiy  to  define  what  compact 
felspar  should  geologically  be.  I  have  elsewhere*  applied  the 
term  cornean  to  designate  some  of  the  more  simple  forms  of  that 
kind  of  rock  known  as  homstone,  which  would  appear  in  some 
cases  to  be  nothing  else  than  compact  felspar;  in  otbers,  however, 
it  partakes  of  the  characters  of  other  minerals.  Thus,  in  Pem- 
brokeshire, where  tiiere  is  a  remarkable  variety  of  trappean  rocks, 
the  comeans  may  be  divided  into  felspathic,  quartzose,  and  horn- 
blendic,  as  those  minerals  appear  to  prevail  in  tiie  mass ;  the 
quartzose  variety,  which  is  the  most  rare,  even  appearing  like 
some  kinds  of  quartz  rock,  with  the  exception  that  it  is  unstra- 
tified.  These  more  simple  forms  of  trap-rock  very  irequentiy  be- 
come porphyritic  by  the  admixture  of  either  quartz  or  felspar 
crystals,  and  sometimes  of  both  in  the  same  mass,  as  in  the  red 
quartziferous  porphyries,  rocks  which  not  unfirequendy  pass  into 
granite.  Porph3rries  are  generally  known  by  the  name  of  the  base 
or  paste  which  includes  the  disseminated  crystals ;  thus,  we  have 
claystone  porphyry  {Thonstein  porphyry  Germ.;  ArgiUophyre^ 
Brongniart)  ;  felspathic  porphyry  {True  porphyry  of  Brongniart; 
Porphyre  Euritique,  Fr. ;  tlornstein  porphyry  Felspath  porphyry 
Germ.);  and  clinkstone  porphyry  {Klingstein porphyr). 

It  very  frequentiy  appears  as  if  the  elements  of  quartz,  felspar, 
and  hornblende  composed  the  mass,  and  various  circumstances 
determined  their  union  in  such  a  manner  as  to  produce  a  large 
proportion  of  the  various  compounds  known  as  trap-rocks,  some- 
times the  hornblende  being  in  mass,  at  others  the  felspar,  while 
the  quartz  rarely  predominates.  In  other  situations  confusedly 
crystalline  compounds  have  been  the  result;  quartz,  felspar,  and 
hornblende  united,  form  sienite ;  or  felspar  and  nomblende  without 
the  quartz,  constitute  greenstone.  The  granular  structure  of  these 
compounds  varies  materially,  and  finally  becomes  somewhat  ima- 
'  ginary ;  at  least  this  texture  is  rather  inferred  than  seen.  The  com- 
pounds occasionally  contain  disseminated  crystals  of  felspar,  and 
thus  become  what  are  commonly  known  as  greenstone  porph}Tie3 
{Diabase  porphyroide,  Fr. ;  Grunstein  porphyr,  Germ. ).  A  paste 
of  green  hornblende  cornean  containing  crystals  of  felspar  consti- 
tutes the  ophite  of  Brongniart,  the  antique  green  porphyry. 

*  Geology  of  Southern  Pembrokeshire;    GeoL  Trans.  2nd  Series, 
vol.  ii. 
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Some  of  the  rocks  of  this  family  are  not  unfrequently  vesicular, 
in  the  manner  of  modem  lavas,  the  vesicles  however  being  gene- 
rally filled  up  by  some  mineral  substances  which  have  since  been 
infiltrated  into  them.  Sut;h  substances  are  not  unfrequently  agates, 
and  those  employed  in  the  arts  are  principally  thus  derived.  From 
these  cavities  being  frequently  of  an  almond  shape,  or  rather  from 
Che  appearance  of  their  solid  contents  resembling  almonds  in  fonn> 
the  term  Amygdaloid  has  been  applied  to  rocks  of  this  class.  It 
will  be  readily  understood  that  tne  base  or  paste  of  the  amygda- 
loids  is  not  dOnstantly  the  same,  but  varies  materially.  A  trappean 
rock  is  sometimes  both  amygdaloidal  and  porphyritic  at  the  same 
time  (Devonshire,  Scotland,  &c,).  The  amygdaloidal  cavities 
afford  the  mineralogist  a  great  abundance  of  siliceous,  calcareous, 
zeoUtic,  and  other  minerals. 

Other  minerals  than  those  above  enumerated  occur  in  the  trap- 
pean rocks,  but  cannot  be  considered  as  forming  an  essential  part 
of  them,  with  the  exception  ofaugite  and  hypersthene,  which  with 
the  mixture  of  either  common,  compact,  or  glassy  felspar,  constik 
tuto  the  augite  and  hypersthene  rocks  of  Dr.  Macculloch.  It  would 
be  endless  to  attempt  a  notice  of  the  various  aspects  under  which 
these  rocks  present  themselves ;  it  should  however  be  remarked 
that  the  term  basalt  is  applied  to  substances  which  are  not  pre- 
cisely the  same,  being  sometimes  given  to  a  fine  compound  of 
augite  and  compact  felspar,  at  others  to  a  minute  mixture  of  horn- 
blende and  compact  felspar,  sometimes  to  dark  indurated  clay- 
stones,  and  finally  to  a  compound  of  felspar,  augite,  and  titani- 
ferous  iron.  The  last  mixture  seems  that  now  most  commonly 
termed  basalt. 

Such  are  the  rocks  commonly  considered  unstratified.  It  will 
have  been  seen  that  they  so  pass  into  one  another  that  distinctions 
are  not  easily  established  between  them.  Mineralogical  granite 
passes  through  various  stages,  and  graduates  into  the  compounds 
named  greenstone,  and  o2iers  of  tne  trappean  class*.     Instead 

*  Dr.  Hibbert  notices  the  passage  of  granite  into  one  of  those  com- 
pounds named  basalt,  (in  this  case  formed  of  an  intimate  mixture  of 
hornblende  with  a  small  proportion  of  felspar,)  as  taking  place  in  tlie 
Shetland  Islands.  As  this  author's  account  is  illustrative  of  such  changes 
in  general,  it  may  advantageously  find  a  place  here.  The  basalt  extends 
from  the  Island  of  Mickle  Voe  northwards,  to  Roeness  Voe,  a  distance 
of  twelve  miles.  On  the  west  of  this  is  a  considerable  mass  of  granite; 
The  transition  is  thus  described :  "  Not  far  fi-om  the  junction  we  may 
find,  dispersed  through  the  basalt,  very  minute  particles  of  quartz.  This 
Is  the  first  indication  of  an  approaching  change  in  the  nature  of  the  rock. 
In  again  tracing  it  still  nearer  the  granite,  we  find  the  particles  of  quartz 
dispersed  through  the  basalt  becoming  still  more  distinct,  more  nu- 
merous, and  larger,  an  increase  of  magnitude  even  extending  to  every 
other  description  of  particles.     The  rock  may- now  be  observed  to  consist 

Y5 
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also  of  being  solely  mixed  with  rocks  of  the  oldest  date,  it  is  fimnd 
among  the  Montagues  del'Oisans  (Western  Alps),  cutHng  through 
and  superincumbent  upon  deposits,  referable,  according  to  M. 
Elie  de  Beaumont,  to  the  oolitic  series  *.  This  phsenomenon  is 
not  confined  to  the  Western  Alps,  but  has  also  been  observed  l^ 
M.  Hugi  in  the  Swiss  Alps,  numerous  sections*  of  which  by  thu 
author  will  be  viewed  witb  much  interest  f .  Among  the  places 
where  the  superposition  of  granite  is  remarked,  may  be  mentioned 
the  Tosenhorn,  the  Tristenhorn,  the  Botzberg  in  the  Ursenthal, 
and  the  Jungfrau,  in  which  latter  mountain  limestones  and  slates, 
referred  to  tbe  lias,  appear,  as  it  were,  entangled  in  the  granitic 
rock.  The  analogy  between  the  facts  noticed  by  M.  Elie  de  Beau- 
mont in  one  part  of  the  Alps,  and  by  M.  Hugi  in  another,  is 
striking ;  for  not  only  does  the  granite  occur  above  these  rocks  in 
both  situations,  but  also  beneath  them,  as  is  shown  in  the  sections 
of  both  these  authors. 

The  following  figure,  representing  the  Botzberg,  and  taken  from 
M.  Hugi's  work,  will  afford  the  student  an  idea  of  this  superposition. 

a,  limestones  and  slates, .  re-  Fig.  102. 

ferred  to  the  lias ;  b,  mica  slate ; 
c,  gneiss  ;(f,  granite.  The  super- 
position in  this  section  is  evi- 
dent X ;  and  it  may  be  further 
inquired  how  far  the  rocks, 
marked  as  mica  slate  and 
gneiss,  may  not  be  the  slate  of 
3ie  lias  altered  by  the  presence 
of  the  granite  above  it. 


of  separate  ingredients  of  quartz,  hornblende,  felspar,  and  greenstone ; 
the  latter  substance  (greenstone)  being  a  homogeneous  commixture  of 
hornblende  and  felspar.  Again,  as  we  approach  still  nearer  the  granite, 
the  disseminated  portions  of  greenstone  disappear,  their  place  being  sap- 
plied  by  an  additional  quantity  of  felspar  and  quartz.  The  rock  now 
consists  of  three  ingredients,  felspar,  quartz,  and  hornblende.  The  hst 
change  which  takes  place  results  from  the  still  increasing  accumulatioD 
of  quartz  and  felspar,  and  from  the  proportionate  diminution  of  horn- 
blende. The  hornblende  eventually  disappears,  and  we  have  a  well  cha- 
racterized granite,  consisting  of  two  ingredients  of  felspar  and  quartz." 
Hibbert,  Brewster's  Edin.  Journal  of  Science,  voL  i.  p.  107.  The  same 
author  also  notices  a  passage  of  felspar  porphyry  into  granite  near  Uillt- 
wick  Ness. 

*  Elie  de  Beaumont,  sur  les  Montagues  de  TOisans ;  M^m.  de  la  Soc. 
d'Hist  Nat  de  Paris,  t  v. ;  as  also  Sections  and  Views  illustrative  of 
Geological  Phsenomena,  pi.  15. 

f  Hugi,  Naturhistorische  Alpenreise ;  Soleure,  1830. 

X  The  only  question  that  might  arise  in  this  case  is,  whether  the  whole 
mass  may  not  have  been  thioviu  o\e.T. 
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Not  only  have  granite  rocks  been  thus  referred  to  an  epoch  pos- 
ioT  to  the  oolitic  group,  but  it  has  been  already  seen  that  such 
e  also  found  above  the  chalk  of  Weinbohla,  whence  it  may  be 
Terred  that  granite  was  produced  at  the  supracretaceous  epoch, 
ssuming  therefore  that  the  evidence  is  good,  we  should  expect 
find  granitic  rocks  traversing  or  superincumbent  upon  rocks  of 
.  ages,  from  the  inferior  stratified  to  the  cretaceous  inclusive. 
16  superposition  of  granitic  rocks  to  fossiliferous  limestone  has 
ig  since  been  remarked  by  Von  Buch  in  Norway,  and  by  Dr. 
acculloch  in  the  Isle  of  Sky.  Similar  rocks  have  also  been  ne- 
ed as  incumbent  on  those  of  the  age  of  either  the  oolitic  or  cre- 
;eous  series  at  Predazzo.  Respecting  the  latter,  Mr.  Herschel 
serves,  that  where  the  dolomite  plunges  beneath  the  granitic 
zk  at  Canzocoli,  at  an  angle  of  50°  to  60°,  both  rocks  appear  al- 
•ed,  and  that  there  are  laminae  of  serpentine  between  the  two  ♦. 
The  contact  of  the  granite  with  the  oolitic  rocks  of  Brora  is 
Tibuted  by  Prof.  Sedgwick  and  Mr.  Murchison  to  the  elevation 
the  granite  in  mass,  which  is  supposed  to  have  turned  up  the 
ges  of  the  oolitic  deposit  f.  The  same  authors  have  also  re- 
irked  a  very  curious  occurrence  of  granite  and  limestone  on  the 
rth  coast  of  Caithness,  near  Sandside,  where  the  granite  appears 
rust  up  among  the  limestones,  and  a  breccia  has  been  produced 
ntaining  fragments  of  Umestone  and  granite.  The  cement  of 
LS  breccia  is  described  as  generally  granitic,  though  it  is  calca- 
3US  in  some  places,  and  approaches  a  sandstone  in  others.  One 
3at  block  of  limestone  is  noticed  as  apparently  entangled  in  the 
smite.  The  limestone  beds  on  the  eastern  side  are  stated  not  to 
much  disturbed,  while  those  on  the  western  side  are  in  the 
most  confusion,  and,  which  are  important  circumstances,  cry- 
dline  and  cellular^. 

Thus  far  we  have  only  seen  granite  rising  through  and  covering 
ler  rocks  in  considerable  masses,  but  we  have  also  evidence  in 
mite  veins,  that  the  matter  of  the  rock '^  was  in  such  a  state  of 
leous  fusion,  as  to  penetrate  into  thin  clefts  opened  in  stratified 
d  older  rocks  by  some  violence,  such  as  probably  resulted  from 
i  upburst  of  the  igneous  matter  accompanied  by  elastic  vapours.' 
we  imagine  fractures  to  be  suddenly  produced  in  contact  with 
nass  of  rock  in  fusion,  such  as  we  may  presume  granite  to  have 
en,  the  nati^al  result  would  be  the  injection  of  the  substance  in 
lion  into  all  the  crevices,  in  consequence  of  the  great  pressure 
erted  on  one  side  ;  the  intruding  substance  breaking  on  and  in- 
:ding  in  it  all  loose  fragments,  and  those  projecting  portions 
ich  opposed  the  fury  of  the  injection.    This  is  precisely  the 

*  Herschel,  Edinburgh  Journal  of  Science,  vol.  iii. 

f  Sedgwick  and  Murchison,'  Geol.  Trans,  vol.  ii.  pi.  34. 

t  Ibid.  vol.  iii.  p.  132. 
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condition  of  granite  veins,  wluch,  though  much  doubted  during  the 
reign  of  the  Wemerian  theory,  are  now  known  to  be  abundant  is 
nature. 

Glen  Tilt,  which  is  reported  to  have  produced  such  delight  in 
Hutton  when  viewed  by  him  for  the  first  time,  presents  excellent 
examples  of  the  intrusion  of  granite  veins  into  other  and  stratified 
rocks.  The  great  features  consist  of  a  mass  of  granite  on  tbe 
northern  side  of  the  glen,  and  of  schist  and  limestone  on  the 
southern ;  from  the  former,  veins  issue  in  all  directions,  diftariring 
and  intermingling  with  the  latter  in  such  a  complicated  manner, 
as  to  render  a  description  useless  without  the  aid  of  maps  and  sec- 
tions, for  which,  and  for  a  detail  of  the  various  singular  pheno- 
mena observable  in  Glen  Tilt,  the  student  must  be  referred  to  the 
memoirs  of  Lord  Webb  Seymour,  Prof.  Playfair*,  and  Dr.  Mac- 
culloch  f . 

Granite  veins  traversing  the  stratified  rocks  are  now  known  in 
various  parts  of  the  world.  Some  fine  examples  are  to  be  observed 
in  the  district  of  the  Land's  End ;  among  them  one  at  Cape  Corn- 
wall shows  that  there  has  been  a  shift  or  fault  in  the  slate  rocks, 
for  a  quartz  vein  has  been  cut  through,  and  elevated  mqre  on  one 
side  than  the  other,  thus  proving  that  force  has  been  employed  t' 
At  Mousehole  the  veins  can  be  seen  to  proceed  from  the  main 
body  of  the  granite  §.  In  the  Alps  they  also  proceed  from  masses 
of  granite,  which  appear  to  have  much  influenced  the  present  po- 
sition of  strata  in  parts  of  those  mountains,  as  has  been  shown  hy 
M.  Necker  de  Saussure  || .  They  traverse  gneiss  in  the  Vall^  de 
Vallorsine,  as  also  at  the  head  ot  the  lake  of  Como. 

They  are  not  confined  to  £urope,  but  are  found  cutting  and  in- 
cluding portions  of  slate  rocks  at  the  Cape  of  Good  Hope,  as  has 
been  shown  by  Captain  Basil  Hall  and  Dr.  Clarke  Abel^f.  In 
America  also  they  have  been  observed  by  Mr.  Hitchcock  tra- 
versing mica  slate,  hornblende  slate,  limestone  (described  as  of  a 
peculiar  character),  gneiss,  and  granite  in  Connecticut ;  the  veins 
frequently  branching  out  in  various  directions  **.  Granite  veins 
therefore  cannot  be  considered  as  rare ;  on  the  contrary,  they  would 

*  Trans,  of  Royal  Soc.  of  Edinburgh,  vol.  yii. 

f  Geol.  Transactions,  1st  Series,  vol.  iii. 

X  Oeynhausen  and  Von  Decken,  Phil.  Mag.  and  Annals  of  PhilosophTt 
1829;  also  Sections  and  Views  illustrative  of  Geological  PhaenomenSf 
pi.  17.  fig.  4. 

§  Sections  and  Views  illustrative  of  Geological  Fhsenomena,  fig.  5. 

II  Necker  de  Saussure,  sur  le  Valine  de  Vallorsine ;  M^m.  de  la  Soc. 
de  Physique  et  d'Hist  Nat  de  Gendve. 

^  Basil  Hall,  Transactions  of  the  Royal  Soc.  of  Edinburgh,  voL  \u : 
and  Clarke  Abel's  Voyage  to  China. 

**  Hitchcock  On  the  Geology  of  Connecticut,  American  Journal  of 
Science,  vol.  vi. 
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appear  gufficiently  common  when  circumstances  permit  good  sec- 
tions of  the  junctions  of  the  granitic  mass,  and  of  the  rocks  among 
which  they  appear  intruded.  We  should  expect  these  veins  to  he 
of  various  dates,  and  accordingly  we  find  that  masses  of  granite 
are  themselves  traversed  hy  veins,  also  of  granite. 

The  exact  composition  of  the  granite  in  these  veins  must  natu- 
rally vary,  depending  much  on  local  circumstances;  for  if  we  sup- 
pose a  substance  in  igneous  fusion  to  be  injected  into  iissures  of 
rocks,  such  injected  matter  will  be  subjected  to  different  conditions. 
Where  the  fused  substance  cooled  more  suddenly,  as  was  likely  to 
be  the  case  in  the  distant  and  smaller  fissures,  the  result  would 
be  less  crystalline ;  while  in  the  wider  clefbs,  and  near  the  great 
heated  mass,  the  crystallization  would  be  more  perfect,  and  bear 
the  greatest  resemblance  to  the  parent  mass.  Consequently,  in 
a  system  of  granite  veins,  we  should  expect  a  great  diversity  in 
the  aspect  of  the  granitic  matter,  which  generally  appears  to  be 
the  case. 

The  trappean  rocks,  though  there  is  much  difficulty  in  sepa- 
rating them  from  the  granitic,  may  for  convenience  be  considered 
separately  from  them.    They  also  form  considerable  masses,  and 
constitute  dykes  and  veins.     When  considered  in  the  mass,  they 
may  be  regarded  as  containing  much  less  mica  than  the  granitic 
rocks,  while  hornblende  has  become  much  more  abundant ;  they 
also,  when  viewed  on  the  large  scale,  appear  more  abundantly 
among  the  comparatively  modern  deposits  than  the  granites, 
though  it  cannot  be  denied  that  they  run  into  the  latter  in  a  re- 
markable manner.     If  this  opinion  of  the  greater  prevalence  of 
the  granitic  rocks  over  the  trappean  at  the  earliest  periods  be  cor- 
rect, it  would  seem  to  point  to  a  certain  condition  of  things  at  such 
periods,  which  subsequently  became  so  modified  that  the  igneous 
eruptions  became  altered.     What  that  condition  of  things  may 
have  been,  we  do  not  as  yet  appear  to  have  any  very  definite  ideas, 
and  we  obtain  little  help  on  the  subject  from  the  phaenomena  of 
modem  volcanos,  granite  never  having  been  known  to  flow  from 
them.     We  however  learn  from  this  circumstance  that  igneous 
eruptions  into  the  atmosphere  are  not  favourable  to  the  produc- 
tion of  granites,  and  we  may  consequently  infer,  that  the  condi- 
tions under  which  granite  was  produced  were  not  similar  to  those 
which  we  now  observe  on  the  surface  of  the  earth,  at  least  so  far 
as  relates  to  those  phaenomena  which  occur  in  the  atmosphere. 
What  igneous  matter  ejected  beneath  a  great  pressure  of  sea  may 
form  we  are  unable  to  determine,  but  that  it  would  be  greatly 
modified  by  such  pressure  cannot  be  doubted.     Still,  however,  we 
do  not  exactly  see  why  a  difference  of  pressure  should  cause  mica 
to  be  generally  less  abundant,  and  the  quantity  of  hornblende  to 
be  so  greatly  increased ;  and  therefore  we  may  infer  that  there 
was  something  in  the  then  condition  of  our  planet's  surface^  HtbxO^k. 
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pemiitted  the  production  of  that  great  abundance  of  granite  m 
commonly  associated  with  the  earnest  stratified  rocks  with  which 
we  are  acquainted,  and  which  frequently  differ  from  it  only  in  being 
stratified,  or  having  the  component  minerals  arranged  in  lamhus. 

Admitting  this  prevalence  of  granitic  compounds  at  the  earliest 
periods,  their  production  at  more  recent  epochs  shows  that  the 
conditions  necessary  for  their  formation  continued  up  to  sach 
epochs,  though  they  may  have  been  infinitely  more  rare,  having 
in  a  great  measure  ?iven  place  to  those  under  which  ihe  mon 
common  trappean  rocks  were  produced. 

Trappean  rocks,  under  their  various  modifications,  are  so  com- 
mon in  nature,  that  to  attempt  a  notice  of  localities  would  be  en- 
tirely useless.  They  occur  mingled  with  the  stratified  rocks  in 
every  possible  way, — injected  among  the  beds  for  considerable  di- 
stances, so  that  sections  are  exhibited  in  which  the  igneous  rock 
appears  quietly  interstratified  with  the  aqueous  deposits ;  consti- 
tuting caps  of  hills,  thus  appearing  like  a  stratified  and  quiet  de- 
posit on  other  beds,  the  continuous  parts  that  once  connected  these 
caps  into  a  sheet  of  matter  ejected  from  beneath  having  been  re- 
moved by  denudation ;  or  as  dykes  or  veins  filling  fissures,  pre- 
viously produced,  in  some  instances  showing  that  the  igneooi 
matter  entered  the  fissure  with  such  force  as  to  tear  away  portions 
of  the  sides,  while  at  others  it  seems  to  have  risen  more  slowly, 
gradually  filling  the  rent. 

There  would  appear  no  more  convenient  place  for  observing  all 
these  modes  of  occurrence,  or  indeed  the  various  mineral  aspects 
of  the  rocks  themselves,  than  the  coasts  and  islands  of  Scotland, 
which  have  been  described  by  Dr.  Macculloch  •  and  other  geolo- 
gists, and  where  the  student  possesses  the  great  advantage  of 
innumerable  coast  sections,  those  invaluable  aids  in  all  geological 
investigations. 

Apparent  interstratifications  of  igneous  rocks  with  beds  which 
have  had  a  different  origin  may  be  observed  in  many  places,  but 
may  be  well  studied  in  High  Teesdale,  where  the  igneous  matter 
has  been  injected  among  strata  of  limestone,  sandstone,  and  shale, 
forming  part  of  the  carboniferous  limestone  series,  in  such  a 
manner  that  a  great  apparent  bed,  commonly  known  as  the  Great 
Whin  Sill,  was  considered  as  constituting  a  regularly  stratified 
portion  of  a  common  whole,  before  the  investigations  of  Prof. 
Sedgwick  showed  that  it  had  evidently  been  injected  among  the 
aqueous  deposits,  and  was  connected  with  a  mass  of  igneous  matter 
which  had  disturbed  and  altered  a  continuation  of  the  same  rocks  f. 

•  Macculloch's  Western  Islands. 

f  Sedgwick,  Trans,  of  the  Cambridge  Phil.  See.  vol.  ii.  p.  139;  and 
Sections  and  Views  illustrative  of  Geological  Phaenomena,  pL  13.  In 
5ome  situations  the  limestone  and  slate  have  been  turned  up  by  the  trap, 
and  the  former  has  become  giojaxAM^  ^'a^\3[\ftla.Uet  Indurated. 
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In  Derbyshire,  trappean  rocks,  generally  known  by  the  provincial 
term  toadstonesy  from  the  aspect  of  the  prevailing  amygdaloid,  are 
apparently  interstratiiied  with  the  carboniferous  limestone.  These 
ive  may,  from  all  analogy,  consider  as  injected  among  the  lime- 
stones, the  strata  of  which  would  easily  be  separated  by  the  appli- 
cation of  the  proper  force,  in  the  manner  already  noticed  under 
the  head  of  Volcanic  Rocks  (p.  129).  The  student  will  iiod  ample 
details  of  this  association  of  trap-rocks  and  limestones  in  Mr.  Co- 
nybeare's  account  of  the  rocks  of  Derbyshire  *. 

According  to  Mr.  Aikin,  a  good  example  of  the  apparent  inters 
stratification  of  greenstone  with  the  coal-measures  is  observable  at 
Birch  Hill  collier}'^,  Stafibrdshire.  The  bed  seems  to  be  connected 
with  a  mass  of  trap  on  one  side,  whence  it  has  been  injected  among 
the  coal  strata,  altering  the  coal  where  it  covers  it,  by  depriving 
it  of  its  bitumen  f. 

The  connection  of  trap  rocks  with  coal  measures  has  often  been 
insisted  on,  and  certainly  in  some  countries  they  are  much  asso- 
ciated ;  but  when  the  facts  are  narrowly  examined,  it  generally 
appears  that  the  igneous  rocks  have  been  introduced  among  the 
sandstones,  shales,  and  coal,  subsequently  to  the  deposit,  and  even 
consolidation,  of  the  latter.  It  does  not  however  necessarily  fol- 
low that  igneous  eruptions  and  coal  deposits  may  not  have  been 
contemporaneous  ;  on  the  contrary,  we  may  inquire  if  the  violent 
movements  of  land,  which  probably  accompanied  such  igneous 
eruptions,  did  not  assist  in  the  destruction  of  the  vegetation,  by 
depressing  it  beneath  the  waters :  and  even  if  accompanying  and 
violent  agitations  of  the  atmosphere,  similar  to  that  which  hap- 
pened during  the  great  eruption  of  Sumbawa,  might  not  also  con- 
tribute something  towards  the  transport  of  the  different  parts  of 
plants  in  particular  cases  J.  Difficulties  very  frequently  arise  from 
the  want  of  good  natural  sections  ;  for  it  is  clear  that  a  mass  of 
injected  trap  may  be  so  spread  over,  or  injected  among,  the  coal 
gtrata,  in  a  district  wanting  such  sections,  and  only  explored  by 
means  of  the  miner's  galleries,  that  ambiguous  appearances 
abound,  more  particularly  when  the  whole  mass  has  been  tra- 
versed by  faults,  as  is  often  the  case. 

Among  the  various  trap  dykes  noticed  by  Mr.  Winch  as  tra- 
versing tlie  coal-measures  in  the  vicinity  of  Newcastle,  there  is 

*  Outlines  of  the  Geology  of  England  and  Wales,  Book  III.  chap.  v. 

f  Aikin,  Geol.  Trans,  vol.  iii.  In  the  section  which  illustrates  this 
memoir,  a  fault  is  seen  to  have  traversed  the  beds  after  the  injection  of 
the  trap,  for  it  is  dislocated  with  the  rest ; — a  fact  also  observable  in 
Prof.  Sedgwick's  sections  of  High  Teesdale,  where  dislocations  are  re« 
presented  to  have  affected  all  the  rocks  equally. 

X  During  tropical  hurricanes  among  islands,  such  as  those  in  the  West 
Indies,  plants,  more  particularly  their  lighter  parts,  are  carried  abun- 
dantly out  to  sea. 
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one  described  by  Mr.  Hill  as  occurring  at  Walker  colliery,  wbich 
has  converted  the  coal  contiguous  to  it  into  coke.  This  dyke  ii 
stated  not  to  alter  the  level  of  the  coal-measures,  though  it  cati 
through  them ;  but  in  the  plan  which  accompanies  the  memoir 
there  is  a  fault  marked  on  the  south  side  of  the  dyke,  parallel  to 
it,  and  on  the  eastern  part,  producing  a  dislocation  to  the  amount 
of  nine  feet,  so  that  the  fracture  does  not  appear  to  have  been 
quite  simple  K 

Trap  dykes  are  to  be  found  in  all  parts  of  the  world,  the  com- 
position of  the  rock  varying  materially,  even  in  the  dyke  itself,  as 
we  might  expect  from  differences  in  the  cooling  and  pressure,  so 
that  the  central  parts  are  not  unfrequently  more  crystalline  than 
the  sides  f. 

There  is  good  evidence  of  the  great  mechanical  force  which  has 
been  exerted  on  the  stratified  rocks,  as  has  been  already  pointed 
out  in  the  North  of  Ireland,  where  large  disrupted  masses  have 
been  caught  up  in  the  igneous  matter ;  similar  phs^omena  have 
also  been  noticed  by  Dr.  Macculloch  and  Mr.  Murchison  in  the 
Western  Islands  of  Scotland,  the  disrupted  and  included  rocks 
being  in  the  latter  cases  of  an  older  date  than  those  fractured  in 
Northern  Ireland  J.  Fig  io3 

The   annexed   figure  will  ^-^       '  i 

illustrate  a  considerable  frac-  d  -^   ^      ^-5T7<-r--" 

ture  and  alteration  in  the  lime-  i\(\Vl  J  II    f/X'**" 

stones  at  the  Black  Head,  Bab-  ?//  ^  U*^r4-^X?^    k    i 

bacombe  Bay,  Devon,  effected      /   «  %    L^^?>J>-Z/*'*'\^  v^ 
by  the  eruption  of  greenstone,      \  \h^^y/^yy^^^^>s^^^^ 
which,  though  it  overlies  the         ^/^?r   ^  ^^^^V^/>vvV\     i — 
limestones  in  this  section,  oc-         a    h    f     c    e  f  h 

curs  beneath  them  not  far  distant,  a,  argillo-calcareous  slate, 
traversed  by  veins  of  calcareous  spar,  and  occasionally  indurated. 
h  by  limestones  which  have  become  semi-crystalline ;  they  have 

•  Geol.  Trans.  1  st  Series,  vol.  iv. 

t  One  of  the  longest  dykes  with  which  we  are  acquainted  is  that  de- 
scribed by  Prof.  Sedgwick  in  his  memoir  on  those  of  Yorkshire  and 
Durham.  It  is  very  probably  continued  from  "  High  Teesdale  to  the 
confines  of  the  eastern  coast,  a  distance  of  more  than  sixty  miles."  Durii^ 
this  traverse  it  cuts  the  coal-measures,  red  sandstone  and  lias. — Cambridge 
PhiL  Trans.,  vol.  ii.  p.  31 ;  and  Sections  and  Views  illustrative  of  Geolo- 
gical Phaenomena,  pi.  14. 

X  Macculloch,  On  the  Western  Islands  of  Scotland.  Several  of  the 
sections  contained  in  this  work  are  copied  into  Sections  and  Views  illus- 
trative of  Geological  Phaenomena,  for  the  purpose  of  exhibiting  the  va- 
rious modes  in  which  trappean  are  associated  with  stratified  rocks  in  the 
Hebrides.  Mr.  Murchinon  has  represented  firagments  of  the  oolite  series 
of  the  same  islands  as  caught  up  in  the  trap  of  the  southern  side  of  Mull 
QeoL  Trans.  2nd  Series,  voL  u.  ^\»  ^5. 
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also,  judging  from  lines  of  colour,  been  once,  more  fissile  than  at 
present  c,  a  slate,  with  a  thin  bed  of  reddish  limestone  {e).  This 
slate  is  apparently  much  altered,  d  d^  greenstone  and  its  va- 
rieties, constituting  the  mass  of  the  hill,  and  traversed  by  calca- 
reous veins  near  the  limestones.  //,  lines  of  fracture  which  divide 
the  limestones  and  slates  into  three  masses.  The  slates  and  lime- 
stones have  evidently  suffered,  not  only  from  the  mechanical  ac- 
tion of  the  erupted  greenstone,  but  also  chemically  from  the 
proximity  of  the  mass  in  a  state  of  igneous  fusion.  Notwithstanding 
the  general  pressure  preventing  the  disengagement  of  the  carbonic 
acid  contained  in  the  limestones,  some  elementary  substances 
have  been  given  off,  and  filled  crevices  and  cracks  in  the  trappean 
mass  above  with  carbonate  of  lime.  The  alterations  of  limestone 
in  contact  with  trappean  rocks  is  sufficiently  common,  producing 
a  greater  or  less  amount  of  crystallization,  in  accordance  with  the 
well-known  experiments  of  Sir  James  Hall  ♦,  who  has  proved  that 
carbonate  of  lime  when  subjected  to  great  heat  beneath  sufficient 
pressure,  does  not  part  with  its  carbonic  acid,  but  that  it  is  fused 
and  is  rendered  crystalline, — a  fact  previously  doubted. 

The  alteration  of  limestones  and  trap  at  their  contact  would  not 
always  appear  to  be  confined  to  a  crystalline  arrangement  in  the 
parts  of  the  former ;  for  Dr.  Macculloch  has  observed  trap  to  be- 
come changed  into  serpentine  at  the  point  of  contact  with  lime- 
stone, at  Clunie  in  Perthshire.  A  trap  vein  traverses  limestonei 
and  the  rock  is  noticed  as  a  kind  of  greenstone,  the  greater  part 
of  which  is  moderately  coarse,  passing  into  lamellar  towards  the 
sides.  This  (lamellar)  structure  "  gradually  becomes  more  di- 
stinct towards  the  edges  of  the  vein,  where  it  frequently  splits  off 
by  the  process  of  decomposition  into  laminse,  resembling,  on  a 
cursory  view,  black  slate.  These  laminae  are  often  intersected  by 
other  cross  fissures,  dividing  the  whole  into  cuboidal  masses, 
which  sometimes  decompose  still  further  into  spheroidal  forms, 
during  the  approximation  to  the  calcareous  boimdary;  and  whether 
the  laminae  are  present  or  not,  the  texture  becomes  gradually  finer 
and  softer,  the  rock  stiU  retaining  its  black  colour,  or  sometimes 
assuming  a  greenish  cast.  At  length  the  observer  finds  the  vein 
converted  under  his  hand  into  serpentine,  without  being  at  first 
aware  that  any  change  has  been  brought  about  f."  Thus  tho 
transition  from  greenstone  to  serpentine  can  gradually  be  traced, 
but  only  where  the  vein  traverses  the  limestone ;  for  where  the 
continuation  of  the  same  vein  cuts  through  schist  and  conglomerate, 
no  such  change  is  observable.  The  trap  is  much  entangled,  in  the 
small  scale,  with  the  limestone,  and  the  minuter  ramifications  from 
the  vein  are  entirely  composed  of  serpentine.    The  limestone  does 

*  Sir  James  Hall,  Trans,  of  the  Royal  Soc.  of  Edinburgh,  vol.  vi. 
f  Macculloch,  Brewster's  Edin.  Journal  of  Science,  vol.  i.  p.  1. 
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not  pass  into  the  serpentine ;  on  the  contrajy,  the  line  oiTiepm* 
tion  is  described  as  well  defined.  Veins  of  green  asbestos  and 
steatite  occur  in  the  serpentine.  Dr.  Macculloch  also  states  thit 
the  trap  yeins  traversing  the  calcareous  sandstone  at  Strathaird 
abound  in  steatite,  found  in  the  outer  parts  of  the  vein  and  ap- 
proaching the  calcareous  rock.  The  same  author  observes,  that 
the  trap  vein  which  traverses  the  white  marble  of  Strath  psaies 
into  serpentine  at  its  outer  edges,  as  at  Clunie.  "  At  die  una  of 
contact,  a  zone  of  transparent  serpentine  of  a  fine  oil-green  colour, 
is  found  intermixed  with  the  limestone  *," 

The  above  is  sufficient  to  show  that  trap  under  certain  condi- 
tions may  pass  into  serpentine.  We  have  now  to  consider  dykei 
and  masses  of  serpentine  and  diallage  rock  which  occur  under 
circumstances  an^ogous  to  those  of  the  trap  rocks.  Mr.  LyeO 
has  described  a  serpentine  dyke  which  cuts  mrough  a  sandstone 
(equivalent  either  to  grauwacke  or  the  old  red  sandstone),  near 
West  Balloch  Farm,  in  Forfarshire.  The  phssnomena  can  be  well 
observed  where  the  dyke  traverses  the  Carity.  The  serpentine 
dyke  is  ninety  feet  thick,  nearly  vertical,  and  ranges  east  and 
west.  It  is  stated  to  be  flanked  in  part  by  a  hard  compact  rock, 
about  three  yards  thick,  standing  vertically  and  forming  a  partiDg 
wall  between  the  sandstone  and  the  serpentine.  "  This  rock  con- 
sists of  equal  parts  of  green  serpentine  and  an  indurated  brick- 
coloured  rock,  harder  than  serpentine,  and  sometimes  passing  into 
jasper."  The  serpentine  is  also  described  as  bounded,  on  the  left 
bank  of  the  Carity,  by  "  a  vertical  mass  of  sandstone  con^o- 
merate,  evidently  much  altered,  about  five  yards  thick.  Some 
j)arts  of  this  rock  approach  jasper  in  hardness  and  appearance." 
But  the  most  interesting  fact  connected  with  this  altered  conglo- 
merate is,  that  the  quartz  pebbles  contained  in  it  have  been  frac- 
tured and  reunited, — a  circumstance  also  noticed  by  Mr.  Lyell  in 
a  conglomerate  flanking  a  greenstone  dyke  on  the  Isla,  also  in 
Forfarshire.  This  fracture  of  the  quartz  pebbles  is  precisely  whal 
we  should  expect  from  a  sudden  application  of  heat,  and  would 
speak  strongly  in  favour  of  the  once  igneous  fusion  of  tHe  serpen- 
tine in  the  dyke,  if  any  evidence  were  wanting.  That  common 
association  of  serpentine  with  greenstone  is  here  also  observable^ 
the  dyke  being  bordered  on  the  right  side  of  the  Carity  by  a  fine* 
grained  rock  of  that  kind.  The  dyke  can  be  traced  at  mtervili 
for  at  least  fourteen  miles,  stretching  in  a  straight  line  from  Cor 
tachie  to  Banff f. 

The  serpentine  and  diallage  rocks  of  Liguria  are  particularly 
instructive,  as  they  occur  under  a  variety  of  forms,  and  appear 
connected  with  the  disturbed  condition  of  the  strata  in  thrt 

*  Macculloch,  Brewster's  Edin.  Joum.  of  Science,  vol.  i. 
f  Lyell,  Brewster's  Edin.  Journal  of  Science,  vol  iiL 
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try.    These  rocks  pass  into  each  other  in  all  directions, 
into  those  of  a  trappean  character  (Levanto).      Between 

0  and  Matanara  the  student  may  observe  them  with  perfect 
on  the  high  road  from  Genoa  to  Florence,  cutting  through 

Lmestone  and  slate  as  a  dyke,  insinuated  between  the  strata, 
to  seem  interstratified,  and  constituting  an  enormous  mass, 
rently  thrust  upwards.     The  whole  district  is  full  of  interest- 
iacts  of  this  nature. 

it  has  been  correctly  determined  that  the  limestones  of  La 

ia  are  of  the  age  of  the  oolitic  ^oups  of  England,  France,  and 

nany,  the  serpentine  and  diailage  rocks  of  southern  Liguria 

been  erupted  since  that  period ;  for  the  La  Spezia  limestones 

their  associated  deposits  have  been  upheaved,  contorted,  and 

hrough  by  them.     Possibly  also  the  date  of  their  intrusion 

even  be  later,  and  of  the  supracretaceous  period;  for  the 

te  deposits  of  Caniparola,  near  Sarzana,  are  thrown  into  a 

cal  position,  and  I  did  not  detect  any  serpentine  or  diailage 

pebbles  among  their  associated  conglomerates;  this  latter 

however,  must  be  considered  uncertain,  for  the  serpentine 

1  are  not  obser\'ed  to  be  actually  intruded  among  the  supra- 
«eous  deposits. 

k  Capo  Mesco,  between  Levanto  and  Monte  Rosso,  gray  schist 
i  compact  calcareo-siliceous  sandstone  (one  of  the  Italian  ma- 
)s)  are  broken  into  faults  by  a  mass  of  serpentine  and  diailage 
,  which  branches  from  a  larger  mass  at  Levanto.  The  valley  of 
letta,  near  Borghetto,  has  attracted  much  attention  since  it  was 
;ed  by  M.  Brongniart*.  It  shows  the  intrusion  of  the  serpen- 
and  diailage  rocks  (which  here  also  pass  into  each  other  in 
lus  ways)  among  stratified  rocks,  similar  to  those  which  are 
rved  at  Capo  Mesco.  At  the  entrance  into  the  valley,  the 
stone  is  seen  dipping  at  a  considerable  angle  and  resting  upon 
limestone  and  schist,  which  are  supported  by  serpentine, 
serpentine  then  passes  over  contorted  gray  limestone  and 
t,  and  occupies  a  considerable  portion  of  tne  valley,  mixed 
diailage  rock,  until  the  latter 'l^dominating  to  the  exclusion 
e  serpentine,  the  mass  rests  onl^s  of  red  and  green  jasper, 
ig  the  same  dip  as  the  sandstones  at  the  entrance  of  the 
y.  These  jasper  beds  repose  on  contorted  gray  limestone 
schist,  on  the  left  bank  of  the  river  and  opposite  Rochetta. 
jasper  beds  have  sometimes  been  considered  as  a  subordinate 
of  the  serpentine  :  that  it  may  be  an  altered  rock  is  -verf  pos- 
;  but  I  do  not  imagine  it  can  be  regarded  as  a  portion  of  the 
ratified  mass  of  the  diailage  rock  and  serpentine,  more  par- 
urly  as  similar  jaspers  occur  among  the  limestones  in  the  gulf 


*  Annales  des  Mines,  1821. 
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of  La  Spezia,  not  fkr  from  Lerici,  interstratified  with  them  and 
distant  from  either  serpentine  or  diallage  rock. 

The  mass  of  serpentine  and  diallage  rock  which  constitutes  the 
Monte  Ferrato,  north  of  Prato,  Tuscany,  rests  also  upon  strati- 
fied jasper  on  the  west,  and  this  again  upon  a  schistose  rock 
hased  on  limestone :  this  also  appears  an  accidental  circom' 
stance,  for  jasper  is  interstratified  with  hrown  shale  at  Paciana  on  !Qa 
the  opposite  side  of  the  mountain,  where  it  is  not  in  contact  with  jec 
the  serpentine.  The  diallage  rock  and  serpentine  here  also  pass 
into  each  other  in  all  directions,  and  one  variety  of  the  former  is 
worked  for  millstones.  The  whole  seems  a  mass  ejected  from  be- 
neath, which  has  overflowed  the  stratified  rocks,  appearing  to  cut 
through  them  on  the  northward,  heyond  the  north-west  knoll, 
where  there  is  a  good  section  of  the  serpentinous  mass  resting  on 
the  jaspers,  slates,  and  limestones. 

At  the  Lizard,  Cornwall,  there  is  a  well  known  mass  of  serpen- 
tine, which  seems  intimately  connected  with  greenstones :  umor 
tunately,  however,  from  its  position,  we  do  not  obtain  any  clear 
idea  of  its  relative  date  *. 

The  volcanic  rocks,  at  least  such  as  have  been  considered  the 
products  of  what  are  commonly  termed  modem  and  extinct  vol- 
canos,  have  already  been  noticed ;  therefore  a  statement  of  th^ 
general  characters  need  not  be  repeated. 

If  we  regard  these  various  igneous  products  as  a  mass  of  matter 
which  has  successively,  and  during  the  lapse  of  all  that  time  com- 
prehended between  the  earliest  formation  of  the  stratified  rocb 
and  the  present  day,  been  ejected  from  the  interior  of  the  earth,  we 
shall  be  struck  with  certain  differences  of  these  rocks  on  the  great 
scale,  which  has  led  to  their  practical  arrangement  under  the  heads 
of  granitic,  trappean,  serpentinous,  and  volcanic  products,  as  abofe 
noticed.  The  two  former  and  the  last  occur  most  abundanthr, 
whilst  the  third  is  comparatively  more  scarce,  though  sufficienuy 
common  in  nature.  As  yet  we  are  unacquainted  with  the  con- 
ditions necessary  for  the  production  of  these  different  compoondt, 
and  it  would  be  a  highly  interesting  inquiry,  and  one  well  worthy 
the  attention  of  the  chemist,  to  ascertain,  as  nearly  as  may  be,  the 
essential  average  differences  which  may  exist  as  to  the  ultimate  de* 
mentary  substances  constituting  the  rocks  of  this  nature,  thus 
approaching  towards  a  knowledge  of  the  possible  circumstancec, 
which  may  have  determined  such  substances  to  arrange  them- 
selves in  one  manner  rather  than  in  another.  Possibly  me  quan- 
tity and  proportion  of  the  elementary  substances  might  not  vaiy 
so  much  as  we  might,  from  the  general  mineral  character  alone, 

•  For  descriptions  of  this  district,  consult  the  memoirs  of  Prof.  Sedg- 
wick, Cambridge  Phil.  Trans,  vol.  i. ;  of  Mr.  Magendie,  Trans.  GeoL  Soc 
cf  Cornwall,  vol.  i.  *,  and  oi  "i^t.  ^o^ex%,  wBaa  viQtk^  vol.  ii. 
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e  led  to  expect ;  but  at  first  sight  we  may  imagine  that  silica 
redominated  more  in  the  granitic  rocks  than  in  the  others, 
'hile  magnesia  abounded  in  those  parts  of  the  earth  which 
omited  forth  the  serpentinous  deposits.  It  is  however  obviously 
remature  to  speculate  upon  that  which  can  only  he  learned 
brough  the  medium  of  careful  and  exact  investigation,  and  the 
ibject  is  only  introduced  for  the  purpose  of  promoting  inquiry, 
na  the  possibility  of  attracting  the  attention  of  those  chemists 
rho  may  be  induced  to  enter  on  the  hitherto  little  explored, 
bough  vast  field  of  chemical  geology. 

It  has  been  generally  considered  that  the  mineralogical  charac- 
er  of  igneous  rocks  has  changed  during  the  deposit  of  the  stratified 
ocks,  through  which  they  have  more  or  less  forced  their  way;  that 
s,  we  do  not  find  granite  and  serpentine  flowing  from  modem 
'olcanos,  nor  trachite  nor  leucitic  lavas  intimately  associated  with 
he  oldest  strata  in  such  a  manner,  that  their  relative  differences 
»f  age  could  not  be  very  considerable.  Admitting  that  true  mi- 
ler^ogical  granite  may  be  reckoned  among  the  products  of  the 
upracretaceous  period,  the  mass  of  granite  is  associated  with  the 
ddest  rocks,  even  omitting  all  consideration  of  the  gneiss,  com- 
)Osed  of  the  same  minersus,  and  probably  of  exactly  the  same 
imount  of  elementary  substances.  The  same  with  those  igneous 
compounds  into  which  augite  largely  enters,  which  abound  in  the 
nore  recent  products,  while  certainly  they  are  scarce,  if  they  be 
lot  altogether  absent,  among  the  older  rocks  of  an  igneous  origin ; 
ind  we  have  no  stratified  rocks  of  similar  mineralogical  composi- 
ion  constituting  extensive  districts,  as  is  the  case  with  gneiss.  We 
ire  compelled  therefore  to  admit,  that  the  conditions,  under  which 
iihe  two  Kinds  of  igneous  rocks  have  been  formed,  have  not  been 
the  same.  What  those  conditions  may  have  been  is  a  separate 
question,  and  one,  as  above  noticed,  requiring  investigation ;  but 
it  will  be  at  once  obvious,  that  the  ejection  of  a  mass,  in  a  state  of 
igneous  fusion,  into  the  atmosphere  would  be  likely  to  have  its 
constituent  parts  arranged  in  a  different  manner  from  those  in  a 
similar  mass  forced  out  beneath  great  pressure,  such  as  we  may 
consider  to  exist  beneath  deep  seas.  Independently,  however,  of 
this  consideration,  there  appears  to  have  been  something  in  the 
condition  of  the  world  at  the  earliest  times,  causing  certain  com- 
pounds to  be  formed  in  great  abundance,  which  does  not  now 
continue  in  such  force  as  to  permit  the  production  of  similar 
compoimds. 

We  cannot  conclude  this  sketch  of  the  imstratified  rocks  without 
adverting  to  the  concretionary  and  columnar  structure  which  they 
frequently  assume.  The  most  familiar  examples  of  the  columnar 
structure  are  those  of  the  basalt  in  the  Giant's  Causeway  and  at 
Staffa,  in  the  latter  place  constituting  the  sides  of  the  justly  cele- 
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brated  Fingal's  Cave*.  The  concretionary  or  globular  stractore 
is  often  visible  in  the  decomposition  of  trappean  and  volcanic  rocks, 
and  is  remarkable  in  a  solid  rock  named  the  orbicular  granite  of 
Corsica  (diorite  orhicidaire,  Al.  Brong.),  in  which  balls  or  sphe- 
roids of  concentric  and  alternate  coats  of  hornblende  and  compact 
felspar  are  disseminated  in  the  mass  of  the  rock. 

We  are  indebted  to  Mr.  Gregory  Watt  for  our  first  great  ad- 
vance towards  a  knowledge  of  the  circumstances  which  have  pro- 
duced this  structure.  This  author  fosed  seven  hundred  weight  of 
an  amorphous  basalt  named  Rowley  Rag,  described  as  fine-grained 
and  of  a  confused  crystalline  texture ;  ^e  fire  was  maintained  for 
more  than  six  hours,  and  the  fused  mass  was  suffered  to  coed  very 
gradually,  so  that  eight  days  elapsed  before  it  was  removed  firon 
the  furnace.  The  fused  mass  was  then  three  feet  and  a  half  hmg, 
two  feet  and  a  half  wide,  about  four  inches  thick  at  one  end,  and 
above  eighteen  inches  at  the  other.  This  irregularity  of  form,  re- 
sulting from  the  shape  of  the  furnace,  was  highly  advantageoos, 
showing  the  arrangement  of  the  bodies  passing  fVom  a  vitreous  to 
a  stony  state.  A  portion  taken  out  while  the  basalt  was  in  fusion 
became  perfect  glass.  The  most  important  result  observed  wai 
the  formation  of  spheroids,  sometimes  extending  to  a  diameter  cf 
two  inches.  They  were  radiated  with  distinct  fibres,  the  latter 
also  forming  concentric  coats,  when  circumstances  were  only  fii- 
vourable  to  such  an  arrangement;  but  this  structure  gradually  dis- 
appeared when  the  temperature  was  sufficiently  continued,  the 
centres  of  most  of  the  spheroids  becoming  compact  before  ihey 
attained  the  diameter  of  half  an  inch.  This  structure  gradually 
per\'ades  the  whole  body  of  the  spheroid.  ''A  continuation  of  the 
temperature  favourable  to  arrangement  speedily  induces  anodier 
change.  The  texture  of  the  mass  becomes  more  granular,  iti 
colour  rather  more  gray,  and  the  brilliant  points -larger  and  more 
numerous ;  nor  is  it  long  before  these  brilliant  molecules  arrange 
themselves  in  regular  forms,  and  finally  the  whole  mass  becomes 
pervaded  by  thin  crystalline  laminae  which  intersect  it  in  every 
direction,  and  form  projecting  crystals  in  the  cavities." 

Mr.  Gregory  Watt  applied  the  facts  here  noticed  in  explanation 
of  the  globular  structure  of  many  decomposing  basaltic  rocks,  in 
which,  after  a  certain  stage  of  disintegration,  the  included  baDi 
resist  decomposition  with  great  obstinacy.  He  moreover  extended 
his  remarks  to  the  columnar  structure,  and  observed,  that  when 
in  his  experiments  "  two  spheroids  came  into  contact,  no  pene- 
tration ensued,  but  the  two  bodies  became  mutually  compressed 
and  separated  by  a  plane,  well  defined  and  invested  with  a  msty 

*  See  Macculloch'g  Western  Islands  of  Scotland ;  and  Sections  and 
Views  illustrative  of  Geological  Fhsenomena,  pi.  11  and  19. 
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colour;*'  and  when  several  met,  they  formed  prisms.  His  in- 
ferences from  this  arrangement  were  as  follows : — 

"  In  a  stratum  composed  of  an  indefinite  numher  in  superficial 
extent,  but  only  one  in  height,  of  impenetrable  spheroids,  with 
nearly  equidistant  centres,  if  their  peripheries  should  come  in  con- 
tact on  the  same  plane,  it  seems  obvious  that  their  mutual  action 
would  form  them  into  hexagons ;  and  if  these  were  resisted  below 
and  there  was  no  opposing  cause  above  them,  it  seems  equally 
clear  that  ihey  would  extend  their  dimensions  upwards,  and  thus 
form  hexagonal  prisms,  whose  length  might  be  indefinitely  greater 
than  their  diameters.  The  further  the  extremities  of  the  radii 
were  removed  from  the  centre,  the  nearerwould  be  their  approach 
to  parallelism ;  and  the  structure  would  be  finally  propagated  by 
nearly  parallel  fibres,  still  keeping  witliin  the  limits  of  the  hexa- 
gonal prism  with  which  their  incipient  formation  commenced ; 
and  the  prisms  might  thus  shoot  to  an  indefinite  length  into  the 
undisturbed  central  mass  of  the  fiuid,  till  their  structure  was  de- 
ranged by  the  superior  influence  of  a  coimteracting  cause*." 

Basaltic  columns  are  often  curved,  and  sometimes  there  is  a 
somewhat  confused  arrangement  of  them,  so  that  the  disturbing 
causes  have  been  considerable.  They  are  also  frequently  articu- 
lated, which  Mr.  Watt  considered  might  be  produced  by  the  same 
cause  which  determined  the  concentric  fractures  of  the  fibres  of  the 
spheroids.  Supposing  the  general  theory  of  the  formation  of  co- 
lumns correct,  the  irregularities  of  the  prisms  would  obviously 
depend  upon  the  unequal  distances  of  the  centres  of  the  spheroids, 
and  the  consequent  unequal  pressure.  Mr.  Watt  accounts  for  the 
horizontal  arrangement  of  basaltic  columns  in  some  perpendicular 
dykes,  such  for  example  as  those  at  the  Giant's  Causeway,  from 
the  refrigerating  or  absorbing  cause  operating  on  each  side  of  the 
vein,  so  that  columns  should  strike  out  from  it,  but  would  not 
coincide  so  as  to  form  continuous  prisms  across  the  vein,  as  there 
would  be  confusion  where  the  two  sets  of  columns  met,  if  indeed 
circumstances  were  sufficiently  favourable  to  produce  a  meeting. 

The  columnar  arrangement  is  not  confined  to  basalt,  but  is  more 
or  less  observed  in  all  the  trappean  rocks,  the  magnitude  of  the 
columns  being  often  very  considerable.  Granite  also  assumes  a 
prismatic  form,  as  has  already  been  remarked  by  Mr.  Came  re- 
specting that  of  the  western  part  of  Cornwall  f,  where  it  is  well 
seen  near  the  Land's  End ;  but  instead  of  assuming  an  hexagonal 
arrangement,  such  as  we  might  presume  to  be  the  figure,  if  the 

*  Gregory  Watt,  Observations  on  Basalt,  and  on  the  Transition  from 
the  vitreous  to  the  stony  Texture  which  occurs  in  the  gradual  Refirige- 
ration  of  melted  Basalt;  Phil.  Trans.  1804. 

f  Carne  on  the  Granite  on  the  western  part  of  Cornwall ;  GeoL  TrajM. 
of  Cornwall^  voL  iii.  p.  208, 
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theory  respecting  basalt  was  altogether  applicable  to  it,  it  is  qua* 
drangular,  and  so  divided  into  joints  that  the  resulting  solids  are 
parallelopipeds  and  even  cubes.  If  the  student  should  pass  round 
the  Land's  End,  Cornwall,  in  a  boat,  he  will  be  particularly  struck 
with  the  general  arrangement  of  granite  into  columns,  and  the 
picturesque  effect  is  considerably  heightened  by  the  varied  disin- 
tegration of  the  blocks  from  the  united  action  of  the  sea  and 
atmosphere  *. 

*  Stratified  rocks  are  sometimes  found  prismatie,  and  have  been  ren* 
dared  so  from  other  circumstances  than  those  above  mentioned.  Dr.  Mte^ 
cuUoch  notices  the  prismatic  arrangement  in  a  hearthstone  taken  down 
from  a  blast  furnace  at  the  Old  Park  Iron-Works,  near  Schiffnall,  whidi 
had  been  sixteen  or  eighteen  years  in  constant  work.  The  prisms  som^ 
times  extended  through  the  whole  thickness  of  the  stone,  about  ten 
inches,  while  in  other  instances  they  only  penetrated  a  certain  depdL 
The  prismatic  structure  was  considered  to  have  been  produced  by  a  loog 
continued  action  of  great  heat  upon  the  slab  of  sandstone.  The  same 
author  applies  this  discovery  in  explanation  of  the  prismatic  sandstcne 
found  beneath  basaltic  rock  at  the  hill  of  Scuirmore,  in  Rum,  as  also  d 
the  columnar  rocks  at  Dunbar,  where  he  states  the  prismatic  configiirt> 
tion  of  the  sandstone  to  be  assumed  in  a  very  gradual  manner. — Quarterly 
Journ.  of  Science,  1829. 
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Section  XIII. 

On  the  Mineraloffical  Differences  in  Contemporaneotts  Rocks,  either 
Original,  or  resulting  from  Alteration  after  Deposition. 

Among  the  variety  of  stratified  rocks  which  have  been  noticed 
^ove,  it  will  have  been  observed  that  there  was  much  difference 
as  well  in  the  mineralogical  composition  as  in  the  zoological  cha- 
xticter  of  the  deposits.  Some  rocks  are  evidently  formed  from  the 
destruction  of  others ;  some  are  chemical ;  while  others  appear  as  if 
they  had  suffered  alteration  subsequently  to  deposition.  The  rocks 
^hich  have  been  produced  by  deposit  from  water,  in  which  mud, 
Band,  gravel,  and  great  blocks  were  for  a  time  mechanically 
suspended,  have  already  been  sufficiently  discussed;  and  that  they 
should  not  precisely  resemble  each  other  over  considerable  areas 
is  only  what  would  have  been  expected,  as  we  cannot  imagine  any 
detritus  so  uniform  as  to  be  the  same  over  considerable  spaces,  for 
it  assumes  a  perfect  unifonnity  in  the  transporting  power,  a  con- 
stant, equal,  and  uniform  supply  of  detritus,  and  a  surface,  over 
Mrhich  the  transported  substances  were  carried,  so  constituted  as 
to  offer  an  equal  resistance  throughout. 

When  a  stratified  rock  is  crystalline,  it  has  evidently  been  che- 
mically and  not  mechanically  produced;  but  it  remains  to  inquire 
Mrhether  such  structure  be  original  or  consequent  on  circumstances 
^hich  have  permitted  an  alteration  of  the  rock.  This  investigation 
is  one  of  considerable  difficulty,  as  we  cannot  always  obtain  the 
data  necessary  for  decision,  since  it  is  obvious  that  the  same  sub- 
stance may  often  be  obtained  in  different  ways:  thus  crystalline 
carbonate  of  lime  may  either  be  produced  directly  by  deposition 
£rom  an  aqueous  solution  of  that  substance,  or  common  limestone 
may  be  fused  by  heat  under  pressure,  and  the  results  be  similar. 
The  same  with  many  other  substances.  It  therefore  becomes  a 
very  difficult  though  always  interesting  question  to  discover,  whe- 
ther such  stratified  and  crystalline  substances  have  been  produced 
in  the  one  way  or  the  other. 

There  are  certain  generalities  on  which  we  may  base  our  in- 
vestigations. If  crystalline  and  stratified  substances  occur  as 
sheets  of  matter,  included  among  beds  evidently  of  mechanical 
origin,  and  igneous  rocks  are  not  intimately  connected  with  the 
whole,  and  there  has  been  no  violent  disturbance  of  strata,  per- 
mitting the  possible  influence  of  gaseous  compounds  on  the  beds, 
we  may  fairly  infer  that  the  crystalline  rock  was  formed  by 
aqueous  chemical  deposition,  and  that  its  occurrence  among  de- 
cidedly mechanical  compounds,  merely  shows  a  difference  in  thft 
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condition  of  the  medium  from  which  they  have  both  resulted; 
there  being  solution  in  the  one  case,  and  mere  mechanical  8u>- 
pension  in  the  other. 

When  we  find  uncrystalline  strata  asaumin?  a  crystalline  struc- 
ture in  the  immediate  vicinity  of  igneous  rocks,  so  that  the  cry- 
stalline and  uncrystalline  portions  constitute  different  parts  of  a 
common  whole,  the  question  assumes  another  character,  and  ve 
have  to  inquire  if  this  difference  arises  from  an  alteration  of  apart 
of  the  whole,  subsequently  to  deposition,  or  whether  it  is  the  re- 
sult of  certain  causes  which  have  operated  only  on  parts  of  the 
same  whole  during  deposition. 

It  has  been  seen  that  dolomite,  a  crystalline  compound  of  ca^ 
bonate  of  lime  and  carbonate  of  magnesia,  occurs  in  the  oolitic 
series  of  Poland  and  Germany ;  therefore  we  should  not  be  sw- 
prised  that  it  occurred  in  the  same  series  in  the  Alps,  and  appir 
rently  among  the  same  rocks  in  Dalmatia  and  Greece.  From  ton 
presence  of  a  particular  crystalline  compound  in  a  given  rock, 
and  over  a  considerable  area,  we  should  be  led  to  consider,  that 
circumstances  existed  during  the  formation  of  the  rock  whick 
produced  this  compound  over  the  area,  and  consequently,  that  it 
was  original,  and  did  not  result  from  the  subsequent  appUcatioD 
of  heat,  or  any  other  chemical  agent 

Supposing  compounds  of  this  nature  to  have  resulted  froin  at 
aqueous  solution  of  the  carbonates  of  lime  and  magnesia,  ve 
should  not  be  surprised  at  the  absence  of  organic  remains ;  for  it 
would  scarcely  be  a  mixture  in  which  animals  would  floorisb. 
Organic  remains  are  however  not  absent  from  dolomite,  though 
they  are  rare  in  it,  for  I  have  seen  them  in  the  dolomite  of  Nice 
and  they  have  been  noticed  elsewhere.  The  occurrence  of  organk 
remains  in  dolomite  does  not,  it  must  be  confessed,  well  accoid 
with  the  supposition  that  it  has  been  a  limestone  on  which  che- 
mical agents  have  subsequently  so  acted  that  it  became  crystalline 
and  charged  with  magnesia ;  for  we  cannot  well  understand  in  the 
new  arrangement  of  particles  how  the  form  of  the  organic  remains 
could  be  preserved,  more  particularly  when  they  are  of  the  same 
substance  with  the  rock,  or  solely  carbonate  of  lime.  The  fosai* 
liferous  dolomites  would  therefore  appear  to  be  excluded  from  the 
altered  rocks,  and  reduced  to  those  of  original  and  chemical  de- 
position. There  are  however  masses  of  dolomite  not  so  easihr 
reconcileable  with  the  supposition  of  aqueous  deposition,  whicL 
occur  in  patches  among  limestones,  and  not  far  removed  from 
igneous  rocks,  in  such  a  manner  that  Von  Buch  considers  them 
to  have  resulted  from  the  action  of  chemical  agents  on  the  lime- 
stones, subsequently  to  the  deposition  and  consolidation  of  the 
latter,  and  at  the  time  when  igneous  rocks  were  intruded  amon^ 
the  stratified  mass.  To  convert  a  series  of  beds  into  a  crystallinf 
mass  to  a  certain,  distance  iiom.  ^^  x^^^k  iiv  a  state  of  igneous  fUaion, 
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provided  there  was  sufRcient  pressure  to  prevent  the  escape  of  the 
sarbonic  acid,  would,  we  know,  not  be  difficult :  but  it  is  difficult 
to  obtain  the  magnesia  necessary  to  produce  the  dolomite,  unless 
it  was  insinuated  into  the  altered  mass  at  the  time  when  the 
irarious  particles  were  arranging  themselves  conformably  to  the 
laws  of  crystallization ;  in  fact,  when  all  the  elementary  substances 
were  so  circumstanced  that  they  could  freely  unite  according  to 
their  proper  affinities.  Von  Buch  considers  this  was  effected  by 
the  escape  of  magnesia  from  the  augite  porphyries  or  melaphyres 
(augite  containing,  according  to  Klaproth,  8«75  per  cent  of  that 
substance)  at  the  period  when  such  porphyries  were  protruded 
through  limestones,  as  in  the  Tyrol  and  other  places.  He  is  of 
opinion  that  the  gas  evolved  at  the  time  these  igneous  rocks  were 
upheaved,  entered  among  the  fissures  of  the  limestone,  and  con- 
verted a  considerable  proportion  of  it  into  dolomite.  This  cele- 
brated author  adduces  the  mountain  of  San  Salvador,  on  the  lake 
of  Lugano,  as  confirming  the  truth  of  his  theory. .  A  red  conglo- 
merate, of  a  similar  character  to  that  which  occurs  on  the  lake  of 
Como,  separates  the  mica  slate  on  which  Lugano  is  situated  from 
the  limestones  and  dolomite.  "  These  beds  dip  rapidly  at  70*  to 
the  south,  and  form  a  promontory  on  which  the  chapel  of  San 
Martino  is  built.  This  rock  appears  iq  place  for  about  ten  minutes 
walk,  the  dip  of  the  beds  diminishing  to  60**.  It  is  then  covered 
by  a  compact  smoke-gray  limestone,  in  beds  about  a  foot  thick. 
These  dip  as  the  beds  on  which  they  rest,  and  have  the  same  in- 
clination on  the  side  of  the  mountain ;  but  in  their  prolongation 
towards  the  lake  the  dip  continually  diminishes,  until,  at  its  level, 
it  is  scarcely  20°.  The  beds  as  they  rise  describe  a  curve  that 
somewhat  resembles  a  parabola.  The  further  we  advance  on  the 
road,  the  more  we  fina  these  beds  traversed  by  small'  veins,  the 
sides  of  which  are  covered  by  rhombs  of  dolomite.  Similar  crystals 
are  also  observable  in  small  cavities  of  the  rocks.  As  we  ad- 
rance,  the  rock  appears  divided  into  fissures,  and  the  stratifica- 
tion ceases  to  be  distinct.  Lastly,  where  the  face  of  the  moun- 
tain becomes  nearly  perpendicular,  it  is  found  to  be  entirely  formed 
of  dolomite.  There  is  no  marked  separation  between  the  lime- 
stone and  the  latter  rock.  By  the  increase  of  the  veins  andgeodes 
the  calcareous  rock  entirely  disappears,  and  pure  dolomite  occurs 
in  its  place.  ♦  ♦  ♦  ♦  As  we  advance  along  the  high  road,  the  purer 
We  find  the  dolomite,  and  at  the  same  time  the  more  white  and 
granular.  ♦  •  •  •  From  hence  to  beyond  Melide  the  mountains 
are  composed  of  dark  augite  porphyry  mixed  with  epidote,  the 
same  as  it  appears  at  Campione,  Bissone,  and  Roviof." 

f  Von  Buch,  Ann.  des  Sci.  Nat.  1827,  where  there  are  sections  and  a 
map  of  the  district  of  the  lakes  Orta,  Maggiore,  and  Lugano ;  as  also  in 
Sections  and  Views  illustrative  of  Geological  Phsenomena,  pi.  8.  fig.  2. 
and  pL  30. 
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This  is  undoubtedly  a  remarkable  case,  as  the  mass  of  augitie 
rock  is  on  the  side  of  the  dolomite,  and  as  crystals  of  dolomite  aie 
found  in  the  cracks  of  the  limestones,  because  the  latter  circum- 
stance shows  that  such  crystals  were  not  contemporaneous  with 
the  deposition  of  the  limestone,  but  were  formed  subsequently, 
after  cracks  had  been  produced  in  it,  while  the  former  circun- 
stance  is  precisely  in  accordance  with  the  theory.  According  to 
Von  Buch's  sections,  however,  a  small  quantity  of  red  porphyry 
and  mica  slate  intervenes  between  the  mass  of  the  augite  po^ 
phyry  and  the  dolomite :  it  certainly  does  not  follow  that  uey 
should  constantly  intervene  because  they  may  do  so  in  one  situa- 
tion and  not  in  another,  therefore  this  is  no  great  objection ;  indeed, 
according  to  the  map,  they  do  not  always  separate  the  dolomite 
from  the  igneous  rock.  Other  masses  of  dolomite  occur  round  a 
large  patch  of  granite  extending  westward  from  the  south-westen 
branch  of  the  Lago  di  Lugano,  on  which  are  situated  Casco  al 
Monte  and  Porto.  One  of  these  masses  at  Monte  Schieri  is  con- 
nected with  tufaceous  augite  rock ;  while  others  are  only  in  contact 
with  the  granite,  as  far  at  least  as  regards  the  surface  ;  but  this 
proves  little,  for  the  augite  porphyry  may  be  beneath  them,  as  itii 
seen  to  cut  through  the  granite  at  Brincio. 

From  its  vicinity  to  these  places  the  dolomites  of  the  lakes  d 
Como  and  Lecco  acquire  considerable  interest,  although  augite 
rocks  have  not  yet  been  detected  among  them.  They  certainly 
occur  intermingled  with  the  limestones,  which  are  compact  and 
gray,  while  at  other  times  they  also  appear  the  prolongation  of 
Umestone  beds  which  have  gradually  lost  their  compact  texture, 
and  at  the  same  time  have  acquired  magnesia  and  become  crystal- 
line. In  countries  like  these,  where  so  much  con^ion  prevails, 
and  where  we  may  expect  to  find  extensive  faults,  a  perfect  con- 
tinuance of  a  given  series  of  beds  is  most  difficult  to  trace ;  but 
with  ample  allowance  for  these  difficulties,  there  seems  every  pro- 
bability that  the  continuations  of  some  of  the  limestone  beds  be- 
come dolomite  *. 

The  north  part  of  the  lake  of  Como  is  composed  of  gneiss  and 
mica  slate,  which  correspond  on  either  shore,  and  dip  southwards; 
the  lake  of  Lecco  and  the  southern  part  of  that  of  Como  are 
formed  of  limestones  and  dolomite.  Between  the  two  masses  of 
rock  are  conglomerates  and  sandstones  which  have  the  same  dip 
and  direction  as  the  gneiss  and  mica  slate.  On  the  south  of  these 
latter  rocks  the  sides  of  the  lake  cease  to  correspond.  Thus,  on 
the  eastern  shore,  after  passing  a  small  portion  of  dolomite,  we 
find  limestones,  among  which  are  the  black  marbles  of  Varenna, 

*  See  Geological  Map  and  Sections  of  the  shores  of  the  lake  of  Como. 
in  Sections  and  Views  illustrative  of  Geological  Pheenomena,  pL  SI. 
and  32. 
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I  these  continue  as  far  as  opposite  to  Bellaggio  Point,  while  on 
other  and  western  side  dolomite  prevails  during  the  whole 
responding  distance,  with  the  exception  of  a  few  limestone 
Is  on  the  south  of  Menaggio.  Here  then  is  no  correspondence; 
the  contrary  we  have  limestones  on  the  one  side  and  dolomite 
the  other,  the  latter  containing  a  mass  of  gypsum  at  Nohiallo. 
^e  proceed  down  the  lake  of  Como,  from  Bellaggio  to  Como, 
find  nothing  hut  limestones,  producing  the  fine  scenery  for 
ich  this  lake  is  so  celebrated,  after  having  passed  the  promon- 
Y  of  Dosso  d' Albido  and  the  opposite  shores  of  the  Croci  Galle : 
;  if  we  go  down  the  lake  of  Lecco  to  the  town  of  the  same 
ne,  also  from  Bellaggio,  there  is  scarcely  anything  to  he  seen 
;  dolomite,  if  we  except  a  mass  of  gypsum  incluaed  in  it  at 
nonta,  and  a  long  strip  of  limestone  between  Lierna  and  Man- 
]o.  Here  also  we  have  no  correspondence,  though  the  general 
ection  of  the  beds  in  both  lakes  would  lead  us  to  suspect,  that 
se  in  the  one  were  continued  from  those  in  the  other.  And 
3  view  is  strengthened  if  we  ascend  the  Monte  San  Primo,  a 
untain  already  noticed  as  strewed  over  with  thousands  of  erratic 
cks,  for  the  highest  crest  is  composed  of  limestone  ranging 
N.W.  and  E.S.E.,  with  a  dip  to  the  S.S.W.  If  we  follow  the 
action  of  these  beds  to  the  lake  of  Lecco  on  the  east,  we  find 
omite,  so  that  the  change  in  this  place  appears  somewhat 
den. 

^Notwithstanding  this  apparent  conversion  of  limestone  into  do- 
dte  in  the  direction  of  the  beds,  which  might  lead  us  to  suppose 
t  some  cause  had  produced  a  change  in  the  rock  after  its  con- 
dation,  it  must  be  confessed  that  there  is  also  an  interstratifi- 
ion  of  the  dolomite  with  the  limestone  (Fig.  27.  p.  176.),  and 
reover,  the  dolomite  rests  upon  limestone  in  the  lake  of  Lecco ; 
ts  which  are  at  variance  with  the  supposition  that  all  the  dolo 
;es  of  this  part  of  Italy  have  been  altered  rocks.  Some  of 
m  at  least  appear  to  have  been  original  deposits ;  and  this  sup- 
ition,  as  far  as  it  affects  the  rocks  which  are  apparently  lime- 
nes  in  one  place  and  dolomites  in  another,  involves  a  curious 
istion ;  for  if  we  admit  a  contemporaneous  deposition  of  the  two 
nave  taken  place,  it  follows,  that  carbonate  of  lime  was  thrown 
en  in  one  place,  while  a  mixture  of  the  carbonates  of  lime  and 
gnesia  was  deposited  close  to  it  in  another,  and  that  the  two 
tositions  were  so  far  influenced  by  circumstances,  that  the  one 
3  compact  while  the  other  was  eitner  wholly  or  semicrystalline. 
ese  observations  do  not  apply  to  the  alternations,  for  there  we 
re  to  suppose  a  change  of  circumstances  over  the  same  place, 
I  this  somewhat  gradual,  for  the  calcareous  beds  seem  gra- 
illy  to  acquire  magnesia,  as  may  be  seen  on  the  western  shores 
;he  lake  of  Lecco. 
$ome  good  examples  of  a  mixture  of  dolomite  and  limestone 
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may  be  observed  near  Nice,  where  again  the  continuatioii  of  lime* 
stone  beds  apparently  becomes  dolomitic,  which  here,  as  else- 
where, generally  loses  its  stratification  when  most  pure,  while  the 
less  pure  semicrystalline  compounds  are  distinctly  stratified.  This 
is  however  not  a  general  rule,  for  I  have  seen  some  nearly  pare 
beds  stratified;  and  supposing  such  beds  to  be  original  deposits, 
their  division  into  strata  is  no  more  remarkable,  than  that  the 
saccharine  marble  of  Carrara  should  be  stratified. 

In  the  vicinity  of  Nice,  gypsum  also  accompanies  the  dolomite, 
and  the  connection  of  the  two  is  so  intimate  that  the  gypsum  of 
Sospello  contains  rhombs  of  dolomite,  a  circumstance  also  observed 
in  the  g3^sum  accompanjring  the  dolomites  in  the  T3rrol.  This 
frequent  association  of  gypsum  with  dolomite  has  not  yet  been 
satisfactorily  explained. 

Gypsum  is  not  a  rare  accompaniment  of  rocks,  even  those  of 
a  decidedly  mechanical  origin,  yet  it  must  be  considered  either  as 
a  chemical  deposit,  or  an  altered  rock ;  its  occurrence  therefi)R 
in  such  situations  shows  that  other  causes  were  in  force  than  s 
mere  drift  of  detritus ;  and  when  g3rpsum  is  to  a  certain  extent 
characteristic  of  a  deposit  over  a  considerable  area,  it  proves  that 
the  operation  of  such  causes  has  not  been  local,  but  that  during 
such  period,  and  over  such  area,  the  circumstances  permitting 
those  deposits  prevailed  extensively.  Gypsum  has  been  considered 
characteristic  of  the  upper  part  of  the  red  sandstone  series,  gene- 
rally known  as  red  or  variegated  marls.  Without  however  assert- 
ing that  it  is  a  necessary  part  of  the  rock,  or  that  it  is  constantly 
present,  it  is  remarkable  how  very  frequently  it  is  discovered  in 
this  deposit,  in  England,  France,  and  Germany,  proving  that  dr 
cumstances  were  then  favourable  to  its  production,  if  it  proves 
nothing  more. 

When  we  recollect  that  the  intrusion  of  igneous  rocks  has  been 
sufficient  to  convert  chalk  into  graniidar  limeiftone  in  the  north 
of  Ireland,  we  need  not  be  surprised  that  other  rocks  have  been 
altered  by  the  intrusion  of  similar  substances.  The  slates  for  in- 
stance in  many  parts  of  the  country  surrounding  the  granite  of 
Dartmoor,  Devon,  have  suffered  from  its  intrusion,  some  being 
simply  micaceous,  others  more  indurated  and  with  somewhat  of 
the  characters  of  mica  slate  and  gneiss,  while  others  appear  con- 
verted into  a  hard  zoned  rock  strongly  impregnated  with  felspar. 
These  changes  are  no  more  than  we  should  expect  from  the  in- 
trusion of  a  mass  in  a  state  of  igneous  fusion ;  for  when  intruded 
in  such  a  mass  as  that  of  Dartmoor,  the  affinities  must  have  be- 
come exceedingly  loose  in  the  substances  in  contact  with  it,  and 
the  various  changes  observed  would  readily  be  produced.  Cases 
of  induration  and  alteration  of  rocks  in  contact  with  igneous  pro- 
ducts are  so  common  that  it  would  be  useless  to  enumerate  them; 
hut  the  student  must  caieiuW^  ^\s.^\\!^3Cks^  \^^V«%«ql  i^eous  rocks 
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which  have  evidently  heen  intruded  among  the  others,  and  those 
which  are  the  older  rocks,  upon  which  the  others  have  been  de- 
posited ;  for  it  may  happen  that  the  older  rocks  may  have  been 
disintegrated  previous  to  deposition  of  the  superincumbent  sub- 
stance ;  in  which  case,  if  the  latter  be  arenaceous,  there  may  be 
an  apparent  passage  of  the  arenaceous  into  the  igneous  rock,  pro- 
ducing the  false  appearance  of  an  altered  substance.    . 

The  change  in  the  mineralogical  character  of  certain  calcareous 
rocks,  at  different  points  of  the  area  which  they  may  happen  to 
cover,  has  been  previously  adverted  to,  and  it  has  been  shown  that 
in  the  oolitic  group  there  was  a  probability  of  a  portion  having 
been  produced  at  the  bottom  of  a  deep  sea,  while  other  parts  were 
formed  in  shallower  waters.  The  physical  circumstances  under 
which  the  different  parts  of  the  deposit  would  be  placed,  could 
scarcely  do  otherwise  than  influence  the  product;  but  what  that  pre- 
cise influence  may  have  been  we  are  as  yet  ignorant :  it  may, 
however,  be  anticipated  that  the  diflerences  of  pressure,  and  the 
liability  to  be  disturbed  by  currents  in  one  situation,  while  the  lat- 
ter might  be  scarcely  felt,  if  not  entirely  absent,  in  another,  would 
alone  cause  a  great  variation  in  the  mineralogical  texture. 

It  might  also  happen,  that  in  a  deep  part  of  an  ocean  successive 
depositions  were  eflected  during  periods  when  frequent  changes 
were  produced  in  other  and  remote  situations,  so  that  though  con- 
temporaneous there  should  be  no  mineralogical  agreement  between 
them  ;  and  if  in  the  course  of  events,  the  continuous  and  quiet  de- 
posits were  upheaved,  as  might  even  happen  by  a  very  moderate 
thermometrical  expansion  of  a  portion  of  our  globe,  and  a  conti- 
nent be  the  result,  the  difficulty  of  identifying  clear  divisions  in  the 
ome  place  with  the  mass  in  tiie  other  would  be  insurmountable. 
It  is  more  than  probable  that  this  supposition  has  been  realized  on 
the  surface  of  our  planet,  and  that  eventually  geologists  will  show 
less  determination  in  identifying  deposits,  more  particularly  those 
of  moderate  comparative  antiquity,  over  very  considerable  di- 
stances. It  is  much  more  desirable,  for  instance,- tbdit  India  ^nmld 
be  described  with  reference  to  itself,  so  that  when  its  geology  shall 
Bave' been 'Sufficiently  advanced,  Europe  fiiayliJe^fttinycoftiAafed 
^ith  it,' th&n'ihdt  there  should  tie  a  det^Vmi&^tob  to  flnd^ofhinj^ 
f>ut  European  equivalents  in  tliat  quarier  of  the  world.  * 

On  the  Elevation  of  Mountains. 

Although  the  direction  of  the  various  chains  of  mountains  has 
long  engaged  the  attention  of  geologists  and  geographers,  and 
although  the  direction  of  upturned  strata  has  also  long  been  no- 
ticed by  the  former,  and  found  generally  to  coincide  with  that  of 
the  mountain  chains  which  they  constitute,  it  has  only  been  re- 
cently and  since  the  labours  of  M.  £Ue  de  Beaumont^  that  t\!jt 
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subject  has  acquired  a  new  interest,  and  will  hencefortli  {brm  ao 
important  branch  of  geological  investigation,  whether  the  theory 
of  this  distinguished  geologist  shall  eventually  be  found  tenable 
to  the  extent  supposed,  or  require  very  material  modifications. 

Von  Buch  appears  some  time  since  to  have  discovered  that  the 
mountain-systems  of  Germany  were  not  contemporaneous,  but 
were  of  distinct  dates  ;  and  geologists  had  long  been  in  the  habit 
of  noticing  the  unconformable  position  of  strata,  an  older  and  in- 
ferior rock  having  been  upheaved,  while  a  newer  rock  rested  upon 
the  edges  of  the  upturned  strata.  Here,  however,  the  subject 
seemed  to  rest,  until  M.  £lie  de  Beaumont,  from  a  series  of  very 
exact  observations  in  certain  parts  of  France  and  the  Alps,  re- 
marked, that  the  dislocations  of  the  strata  were  not  only  refeiaUe 
to  distinct  epochs,  but  that  there  was  a  parallelism  between  dislo- 
cations and  upheaved  mountains  of  the  same  date ;  and  he  further 
considered  that  these  events  produced  breaks  in  the  rocks  then  in 
the  course  of  deposition,  so  that  those  subsequently  formed  rested 
unconformably  on  the  disturbed  strata  of  the  older  rocks. 

To  determine  the  general  unconformable  position  of  two  rocb 
sometimes  requires  very  great  care,  though  at  first  sight  it  may 
appear  extremely  easy  to  observe  whether  one  rock  rests  on  the 
upturned  edges  of  another,  or  not;  and  so  it  undoubtedly  is  in 
many  cases ;  but  when  they  meet  at  small  angles  *,  or  the  one 
rests  on  the  contortions  of  the  other,  the  inquiry  becomes  more 
difficult,  and  it  requires  numerous  observations  to  be  certain  of  the 
general  fact  The  difficulty  in  the  case  of  contortions  will  be  seen 
in  the  annexed  cut. 

If  a  section  be  obtained  Fig.  104. 

on  the  left  or  right,  it  will  a 
very  easily  be  seen  that  the      1///////^' 
beds  a  a  rest  upon  the  con-     1/////A^ 
torted  strata  h  b ;  but  if  one 
were  only  observed  at  c,the 
unconformable  position  of  the  two  rocks  might  be  doubtful.  Hie 

*  A  general  unconformability  does  not  always  prove  a  movement  in  the 
inferior  rocks  prior  to  the  deposition  of  the  superior;  for  supposing  a 
given  series  to  be  so  produced  that  the  newer  rocks  may  be  formed  within 
successively  diminishing  areas,  and  another  deposit  to  cover  the  whole, 
it  is  evident  that  the  higher  mass  will  so  far  rest  unconformably  on  the 
inferior  rocks  that  it  will  cover  them  all  in  succession.  Now  this  is  what 
has  happened  with  the  chalk  and  oolite  groups  in  England,  the  fi>nner 
overlapping  the  various  members  of  the  latter  as  they  successively  fine 
off.  See  Sections  and  Views  illustrative  of  Geological  Phaenomena,  for 
an  overlap  of  the  chalk  on  the  coasts  of  Dorset  and  Devon.  The  angles 
at  which  the  cretaceous  and  other  rocks  meet  is  there  so  small,  that  their 
unconformability  could  scarcely  be  determined  at  any  particular  point, 
though  in  the  mass  it  is  e^iOLetvl. 
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tadent  may  perhaps  consider,  that  from  a  little  research  in  the 
stme  place  he  would  soon  find  evidence  of  the  disturbed  condition 
f  the  strata  beneath  ;  and  if  the  contortions  were  always  on  the 
mall  scale,  and  natural  sections  common,  such  would  be  the  case : 
ut  when  the  latter  are  scarce  or  the  undulations  and  contortions 
n  the  large  scale,  the  great  bends  being  measured  by  miles  in- 
tead  of  fathoms,  the  subject  is  not  so  easy.  It  may  be  stated  as 
n  example,  that  the  mass  of  the  calcareous  Alps  is  considered  to 
est  unconformably  on  the  mass  of  those  composed  of  protogine, 
neiss,  &c. ;  but  the  situations  where  the  contrary  opinion  may  be 
srmed  are  very  numerous,  the  sections  there  exposing  perfect 
onformability.  It  also  requires  great  care  in  tracing  strata  up  to 
.  mountain  range,  for  the  purpose  of  ascertaining  its  relative  an- 
iquity,  to  distinguish  between  those  beds'  which  have  been  deci- 
iedly  upturned  subsequently  to  deposition,  and  those  which  may 
lave  originally  taken  a  small  angle  during  their  formation  on  the 
lanks  of  a  chain,  previously  elevated  to  a  certain  extent. 

Perhaps  the  annexed  diagram  may  assist  the  student  in  com- 
Tehending  the  manner  in  which  the  relative  age  of  mountain 
anges  is  determined  &om  the  position  of  strata. 

Fig.  105. 
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b.  c  b 

If  the  rocks  a  a  are  found  resting  quietly  on  the  upturned  strata 
»  6,  it  is  inferred  thsitbb  have  been  disturbed  previous  to  the  de- 
position of  a  a ;  and  consequently,  if  a  a  be  a  known  rock  occupy- 
ng  a  certain  place  in  the  series,  we  obtain  a  relative  date  for  the 
ievation  of  b  b,  so  far  as  relates  to  aq;  but  if  it  should  chance  that 
here  are  no  commonly  known  deposits  absent  between  them,  we 
»btain  the  exact  relative  date  of  the  elevation  of  so  much  of  the 
nountains  as  do  not  exhibit  any  other  unconformability  of  strata, 
ind  of  the  whole  range,  if  no  such  unconformability  can  be  de- 
ected.  When  however  this  does  occur,  as  in  the  above  diagram, 
ve  learn,  that  more  than  one  elevation  of  strata  has  taken  place  in 
be  same  chain,  for  b  b  resting  in  discordant  stratification  on  c, 
>roves  that  c  was  tilted  up  prior  to  the  deposition  of  b  b;  so  that 
n  this  case  there  would  be  evidence  of  two  disturbances  in  the 
lame  chain,  and  the  relative  dates  of  both  would  be  obtained  on 
:he  same  principles.  It  will  be  obvious  if  two  lines  of  elevated 
(trata  cross  each  other,  there  would  be  much  confusion  where  they 
Taverse;  and  should  great  violence  have  been  employed,  so  that 
ihe  strata  be  even  thrown  over,  it  will  require  much  caution  to  de-> 
^nniiie  the  relative  age  of  the  fractures  at  tho^e  '^YCk\:&. 
From  the  obliging  communioationB  oi^.  'E^*^  ^<^'^«N3fikSii^*'^ 
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appears  that  he  now  considers  he  can  distinguish  twelve  systems 
of  mountains  in  Europe,  each  regarded  as  characterized  hy  the 
relative  direction  and  elevation  of  its  strata,  and  each  elevation  as 
corresponding  with  a  solution  observed  in  the  continuity  of  the 
sedimentary  deposits,  also  of  Europe  *.  These  various  systems  are 
as  follows,  commencing  with  that  of  the  greatest  relative  antiquity : 

I.  System  of  Westmoreland  and  the  ffundsruck. — The  direction 
of  the  slate  rocks  in  Westmoreland  is,  according  to  Prof.  Sedgwick, 
N.E.  by  £.  and  S.W.  by  W. ;  and  that  of  the  slates  and  grauwacke 
of  the  Eifel,  the  Hundsruck,  and  of  the  Nassau  Mountains,  about 
N.E.  and  S.W.  The  slates,  grauwacke,  and  grauwacke  limestones 
of  the  northern  and  central  part  of  the  Vosges  have  the  same  di- 
rection. The  carboniferous  rocks  rest  on  the  upturned  rocks  of  the 
North  of  England ;  coal  measures  repose  upon  the  edges  of  those 
of  the  Vosges;  and  the  carboniferous  rocks  of  Belgium  and  Saar- 
bruck  were  probably  deposited  at  the  foot  of  the  Eifel,  Hunds- 
ruck, &c. 

IE.  System  of  the  BaUons  {Vosges),  and  of  the  Hills  of  the  Bo- 
cage  (Calvados). — It  is  observed  under  this  head,  that  the  first  sy- 
stem only  shows  that  the  slates  and  grauwacke  of  Westmoreland 
and  the  Hundsruck  have  been  elevated  before  the  deposition  of 
fke  carboniferous  series  ;  but  it  would  also  appear  that  there  has 
been  an  elevation  of  strata  before  the  more  recent  transition  strata 
were  deposited,  so  that  the  latter  have  not  beeni  elevated  in  a 
N.E.  and  S.W.  direction,  but  would  on  the  contrary  seem  to  have 
been  formed  on  upturned  beds  of  the  former.  Such  are  the  cal- 
careous, marly,  and  arenaceous  deposits,  with  Orthoceratites,  Tri- 
lobiteSf  &c.,  in  Podolia,  of  the  environs  of  St.  Petersburg,  and  of 
Sweden,  where  they  are  but  slightly  removed  from  their  original 
horizontal  position.  Such  are  also  the  transition  beds  of  Dudley 
and  Gloucestershire ;  and  possibly  also  the  transition  beds  of  the 
South  of  Ireland  may  be  included  in  the  same  list,  which  M.  £lie 
de  Beaumont  considers  may  also  contain  certain  slate  and  grau- 
wacke beds  with  anthracite,  forming  the  south-east  angle  of  the 
Vosges.  When  these  beds  are  not  horizontal,  they  are  dislocated 
in  directions  the  most  marked  of  which  is  comprised  between  an 
E.  and  W.  line,  and  one  E.  15°  S.  and  W.  15°  N. 

III.  System  of  the  North  of  England. — This  is  the  north  and 
south  range  of  the  carboniferous  series,  noticed  by  Prof.  Sedgwick. 
It  is  considered  to  have  been  produced  immediately  previous  to 
the  deposit  of  the  red  conglomerate  (todteliegendes).  M.  Elie  de 
Beaumont  remarks ;  "  The  elevation  of  the  chain  in  the  North  of 
England  is  not  probably  an  isolated  phasnomenon ;   but  if  we 

*  M.  Elie  de  Beaumont* s  comm\m\ca.l\ou  to  me,  of  which  the  accom- 
panying sketch  is  a  brief  notice,  vnVWie  texxtv^  vcv^^'^XsSu'^^.^ivdAji- 
iials  of  Philosophy,  for  Octobei  \%^\. 
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glance  at  the  geological  map  of  England  by  Mr.  Greenough,  or  that 
accompanying  the  memoir  of  Prof.  Buckland  and  Mr.  Conyheare 
on  the  environs  of  Bristol,  we  are  naturally  led  to  remark,  that  the 
problematical  rocks  which  penetrate  and  dislocate  the  coal  depo- 
sits of  Shrewsbury  and  Colebrooke  Dale,  and  those  which  form 
the  Malvern  Hills,  appear  to  be  connected  with  a  series  of  fractures 
which  run  nearly  N.  and  S.,  and  are  prolonged  across  the  more 
recent  transition  and  the  carboniferous  rocks  to  the  environs  of 
Bristol."  It  is  also  considered  probable  that  the  form  of  the  west 
boast  of  the  department  of  La  Manche,  which  runs  nearly  N.  and 
&,  may  be  due  to  a  fracture  of  this  age. 

IV.  System  of  the  Netherlands  and  South  Wales. — ^This  is  the 
great  E.  and  W.  range  of  tlie  carboniferous  rocks  from  the  envi- 
rons of  Aix-la-Chapelle  to  St.  Bride's  Bay,  Pembrokeshire,  which 
whenever  visible  from  beneath  other  deposits,  exhibits  this  general 
direction  for  about  400  miles.  It  is  considered  that  the  beds  of 
the  (new)  red  sandstone  series  which  repose  on  this  dislocation 
are  not  so  ancient  as  those  noticed  in  the  previous  group  *. 

V.  System  of  the  Rhine. — The  Vosges  and  the  Swarzwald  ter- 
minate opposite  one  another  in  two  long  cliffs  parallel  to  each 
other  and  to  the  course  of  the  Rhine.  These  are  apparently  due 
to  great  faults,  having  a  direction  S.  15®  W.  and  N.  15*  E.  These 
fractures  preceded  the  deposit  of  the  rocks  in  the  basin  of  Alsace^ 
among  which  are  the  red  or  variegated  sandstone  (gr^s  bigarr^), 
the  muschelkalk,  and  the  variegated  marls. 

VI.  System  of  the  S.  W.  coast  of  Britanny  and  of  La  Vendhy 
of  Morvan,  of  the  Bohmerwaldgehirge,  and  of  the  Thuringerwald. 
— ^The  general  direction  of  this  system  is  from  N.W.  to  S.E.,  and 
while  the  red  or  variegated  marls  (mames  iris^es),  the  muschel- 
kalk, and  all  older  strata  have  been  thrown  out  of  their  original 
positions,  the  oolitic  series,  comprehending  the  lias  and  its  lower 
sandstone,  have  remained  undisturbed  in  these  various  situations. 

VII.  System  of  the  Pilas,  the  C6te  d*Or,  and  the  Erzgehirge. — 
In  this  system,  which  also  contains  a  portion  of  the  Cevennes,  the 
strata  are  disturbed  up  to  the  oolitic  rocks  inclusive,  while  the 
cretaceous  series  (green  sand  and  chalk)  remain  apparently  in  the 
position  in  which  they  were  deposited.  The  direction  of  this 
system  is  considered  to  be  N.E.  and  S.W. 

VIII.  System  of  Mount  Viso. — **The  French  Alps  and  the 
south-west  extremity  of  the  Jura,  from  the  environs  of  Antibes  to 
those  of  Pont  d'Ain,  and  Lons  le  Saulnier,  present  a  series  of 
crests  and  dislocations  with  a  direction  towards  the  N.N.W.,  in 

*  It  should  be  here  noticed  that  some  recent  observations  among  the 
Mendip  Hills  have  shown  me  that  they  have  been  dislocated  in  N.  and 
S.  lines,  subsequently  to  their  E.  and  W.  elevation.   These  faults  are  the 
cross  courses  so  well  known  to  the  miners  of  the  d\%t(\cX,  9xv\.^''^c£d(sfiw 
disturboDces  parallel  to  the  lines  of  dislocakioii  m  ^^^fira^\W« 
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which  the  older  rocks  of  the  Wealden  formation,  the  green  sand, 
and  chalk,  are  found  upheaved,  as  well  as  those  of  the  oolitie 
series.  The  pyramid  of  primaeval  rocks  composing  Mont  Vise  is 
traversed  hy  enormous  faults,  which,  from  their  direction,  evidently 
helong  to  tnis  system  of  fractures.  The  eastern  crests  of  the  De- 
volny,  on  the  north  of  Gap,  are  formed  of  the  oldest  heds  of  the 
green  sand  and  chalk  thrown  up  in  the  direction  in  question,  and 
raised  more  thaa  4700  English  feet  ahove  the  sea.  At  the  feet  of 
these  enormous  -escarpments  are,  horizontally  deposited  and  at 
more  than  2000  feet  lower  down,  those  upper  hecb  of  the  creta- 
ceous system  which  are  distinguished  from  the  rest  hy  the  presence 
of  Nummulites,  Certthiaj  AmpuUaricB,  and  other  shells,  the  genera 
of  which  were  long  considered  as  exclusively  found  in  the  tertiaiy 
(supracretaceous)  rocks.  Thus  it  was  between  the  two  portions 
of  that  which  is  commonly  termed  the  series  of  the  Wealden  for- 
mation, green  sand,  and  chalk,  that  the  heds  of  the  Mont  Vise 
system  have  been  thrown  up." 

IX.  Pyrenee-Apennine  System, — "This  includes  the  whole 
chain  of  the  Pyrenees,  the  northern  and  some  other  ridges  of  the 
Apennines,  the  calcareous  chains  on  the  north-east  of  the  Adriatic, 
those  of  the  Morea,  nearly  the  whole  Carpathian  chain,  and  a 
great  series  of  inequalities  continued  from  that  chain  through  the 
north-east  escarpment  of  the  Hartz  Mountains  to  northern  Ge^ 
many."  The  general  direction  of  this  system  is  about  W.N.W. 
and  E.S.E.  ^. 

X.  System  of  the  Islands  of  Corsica  and  Sardinia. — ^This  eleva- 
tion is  considered  to  have  taken  place  during  the  supracretaceom 
period,  and  it  is  remarked  that  the  north  and  south  direction  of  the 
system  in  Corsica  and  Sardinia  is  observed  "  in  many  small  val- 
leys and  ridges  of  mountains  in  the  Apennines,  and  in  Istria,  and 
in  the  disposition  of  many  volcanic  masses  and  metalliferous  aitei 
of  Hungary." 

"  It  is  worthy  of  remark  that  the  directions  of  the  system  of  the 
Pilas  and  the  Cdte  d'Or,  of  that  of  the  Pyrenees,  and  that  of  the 
islands  of  Corsica  and  Sardinia,  are  respectively  nearly  parallel  to 
those  of  the  system  of  Westmoreland  and  the  Hundsruck ;  of  the 
system  of  the  Ballons  and  of  the  Bocage,  and  of  the  system  of  the 
North  of  England.  The  corresponding  directions  differ  but  a  small 
number  of  degrees,  and  the  corresponding  systems  of  the  two  series 
have  succeeded  each  other  in  the  same  order ;  leading  to  the  sup- 
position that  there  has  been  a  kind  of  periodical  recurrence  of  the 
same,  or  nearly  the  same,  directions  of  elevation." 

XI.  System  of  the  Western  Alps, — The  mean  direction  of  this 
sptem  is  about  N.N.E.  and  S.S.W.,  and  the  elevation  is  con- 
sidered to  have  taken  place  after  the  deposit  of  those  recent  stxpof 
cretaceous  beds  named  S\ieW7  ^oW%e  ^moCoue  coquillih-e),  beds 
contemporaneous  vrithi  tiiie  /ahluna  oiTo>3xvi3^^. 
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The  direction  of  strata  is  of  a  complicated  character  where 
this  system  and  that  to  be  next  mentioned  cross  each  other,  as 
they  do  around  the  Mont  Blanc,  Mont  Rose,  and  Finsteraarhom, 
at  about  an  angle  of  45°  or  50°. 

XII.  System  of  the  principal  Chain  of  the  Alps  (from  the  Fa- 
lais  into  Austria),  comprising  also  the  Chains  of  the  Ventoux,  the 
Leharon  and  the  Sainte  Baume  (Provence), — ^The  direction  of  this 
83r8tem  is  about  E.  ^  N.E.  and  W.  ^  S.W.,  and  the  strata  are  con- 
sidered to  have  been  elevated  previous  to  the  dispersion  of  the 
erratic  blocks  and  those  gravels  which  have  been  termed  diluvium, 
but  which  in  the  vicinity  of  the  Alps  are  found  to  have  been  de- 
posited upon  other  gravels,  often  of  considerable  thickness. 

M.  £lie  de  Beaumont  concludes  with  the  following  observa- 
tions :  "  The  independence  of  successive  sedimentary  formations 
is  the  most  important  result  obtained  from  the  study  of  the  super- 
ficial beds  of  our  globe  ;  and  one  of  the  principal  objects  of  my 
researches  has  been  to  show,  that  this  great  fact  is  the  consequence 
and  even  a  proof  of  the  independence  of  mountain-systems  hav- 
ing different  directions. 

''  The  fact  of  a  general  uniformity  in  the  direction  of  all  beds 
upheaved  at  the  same  epoch,  and  consequently  in  the  crests  formed 
by  these  beds,  is  perhaps  as  important  in  the  study  of  mountains, 
as  the  independence  of  successive  formations  is  in  the  study  of 
superimposed  beds.  The  sudden  change  of  direction  in  passing 
from  one  group  to  another  has  permitted  the  division  of  European 
chains  into  a  certain  number  of  distinct  systems,  which  penetrate 
and  sometimes  cross  each  other  without  becoming -confounded. 
I  have  recognised  from  various  examples,  of  which  the  number 
now  amounts  to  twelve,  that  there  is  a  coincidence  between  the 
sudden  changes  established  by  the  lines  of  demarcation  observable 
in  certain  consecutive  stages  of  the  sedimentary  rocks,  and  the 
elevation  of  the  beds  of  the  same  number  of  mountain-systems. 

"  Pursuing  the  subject  as  far  as  my  means  of  observation  and 
induction  will  permit,  it  has  appeared  to  me,  that  the  different 
systems,  at  least  those  which  are  at  the  same  time  the  most  stri- 
king and  recent,  are  composed  of  a  certain  number  of  small  chains^ 
ranged  parallel  to  the  semi-circumference  of  the  earth's  surface, 
and  occupying  a  zone  of  much  greater  length  than  breadth ;  and 
of  which  the  length  embraces  a  considerable  fraction  of  one  of 
the  great  circles  of  the  terrestrial  sphere.  It  may  be  observed 
respecting  the  hypothesis  of  each  of  these  mountain-systems  being 
the  product  of  a  single  epoch  of  dislocation,  that  it  is  easier  geo- 
metrically to  conceive  the  manner  in  which  the  solid  crust  of  the 
globe  may  be  elevated  into  ridges  along  a  considerable  portion  of 
one  of  its  great  circles,  than  that  a  similar  effect  may  have  been 
produced  in  a  more  restricted  space. 

"  However  well  established  it  may  be  \jy  iaA\a^  ^'t  M»fc\^^^a^ 
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of  which  constitutes  positive  geology,  that  the  surface  of  the  globe 
has  presented  a  long  series  of  tranquil  periods,  each  separated 
from  that  which  followed  it  hy  a  sudden  and  violent  convulsion,  in 
which  a  portion  of  the  earth's  crust  was  dislocated, — ^that,  in  t 
word,  this  surface  was  ridged  at  intervals  in  different  directions ; 
the  mind  would  not  rest  satisfied  if  it  did  not  perceive,  among 
those  causes  now  in  action,  an  element,  fitted  from  time  to  time 
to  produce  disturhances  different  from  the  ordinary  march  of  the 
phaenomena  which  we  now  witness. 

''  The  idea  of  volcanic  action  naturally  presents  itself  when  ve 
search,  in  the  existing  state  of  things,  for  a  term  of  comparison 
with  these  great  phaenomena.  They  nevertheless  do  not  appear 
susceptible  of  being  referred  to  volcanic  action,  unless  we  define 
it,  with  M.  Humboldt,  as  being  the  influence  exercised  hy  the  in- 
terior of  a  planet  on  its  exterior  covering  during  its  different  stages 
of  refrigeration, 

"  V^olcanos  are  frequently  arranged  in  lines  following  firacturei 
parallel  to  mountain  chains,  and  which  originate  in  the  elevation 
of  such  chains ;  but  it  does  not  appear  to  me  that  we  can  thence 
regard  the  elevation  of  the  chains  themselves  as  due  to  the  action 
c^  volcanic  foci,  taking  the  words  in  their  ordinary  and  restricted 
sense.  We  can  easily  conceive  how  a  volcanic  focus  may  produce 
accidents  circularly  and  in  the  form  of  rays  from  a  central  point, 
but  we  cannot  conceive  how  even  many  united  foci  could  produce 
those  ridges  which  follow  a  common  direction  through  several 
degrees. 

"  Volcanic  action,  such  as  it  is  commonly  understood,  could  not 
therefore  be  itself  the  first  cause  of  these  great  phaenomena ;  but 
volcanic  action  appears  to  be  related  (and  tliis  is  a  subject  which 
has  long  occupied  M.  Cordier,  though  he  has  considered  it  under 
another  point  of  view)  with  the  high  temperature  now  existing  in 
the  interior  of  the  globe. 

"  Now  the  secular  refrigeration,  that  is  to  say,  the  slow  difiusion 
of  the  primitive  heat  to  which  the  planets  owe  their  spheroidal 
forms  and  the  generally  regular  disposition  of  these  beds  from  the 
centre  to  the  circumference,  in  the  order  of  specific  gravity, — the 
secular  refrigeration,    on  the  march  of  which  M.  Fourier  has 
thrown  so  much  light,  does  offer  an  element  to  which  these  extra- 
ordinary effects  may  be  referred.     This  element  is  the  relation 
which  a  refrigeration  so  advanced  as  that  of  the  planetary  bodies 
establishes  between   the  capacity  of  their  solid  crusts  and  the 
volume  of  their  internal  masses.     In  a  given  time,  the  temperr 
ture  of  the  interior  of  the  planets  is  lowered  by  a  much  greater 
quantity  than  that  on  their  surfaces,  of  which  the  refrigeration  is 
now  nearly  insensible.    We  are,  undoubtedly,  ignorant  of  the 
physical  properties  oi  tYve  rcvaXiet  ewKjosvxv^XJaft  Interior  of  these 
bodies ;  but  analogy  leoudya  w%  to  <iWHsAsst,  ^ibX  '^^  SsMc^ai^  <i 
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cooling  above  noticed  would  place  their  crusts  under  the  neces- 
sity of  continually  diminishing  their  capacities,  notwithstanding 
the  nearly  rigoroHs  constancy  of  their  temperature,  in  order  that 
they  should  not  cease  to  embrace  their  internal  masses  exactly, 
the  temperature  of  which  diminishes  sensibly.  They  must  there- 
fore depart  in  a  slight  and  progressive  manner  from  the  spheroidal 
figure  proper  to  them,  and  corresponding  to  a  maximum  of  capa- 
city ;  and  the  gradually  increasing  tendency  to  revert  to  that  figure, 
whether  it  acts  alone,  or  whether  it  combines  with  other  internal 
causes  of  change  which  the  planets  may  contain,  may,  with  great 
probability,  completely  account  for  the  ridges  and  protuberances 
which  have  been  formed  at  intervals  on  the  external  crust  of  th« 
earth,  and  probably  also  of  all  the  other  planets*." 

From  this  sketch  of  M.  Elie  de  Beaumont's  theory,  in  which 
his  views  respecting  the  connection  of  distant  mountains  with  thostt 
of  Europe  have  been  omitted,  it  will  be  evident  that  it  will  require 
much  time  and  very  exact  observation  in  various  parts  of  the  world 
before  we  can  fairly  ascertain  what  are  exceptions  and  what  the 
general  rules.  It  will  have  been  observed  that  M.  Eliede  Beaumont 
has  already  remarked  on  the  near  parallelism  of  three  particular 
systems  respectively  with  three  other  particular  systems  of  Euro- 
pean mountains,  leading  to  the  presumption  that  parallelism  is 
alone  insufficient  to  determine  the  relative  age  of  an  elevated 
range  of  strata ;  a  conclusion  that  may  be  still  further  strengthened 
by  observing  certain  lines  of  distiurbed  strata  in  the  British  Islep, 
which,  when  we  regard  the  general  surface  of  the  world,  are  not 
far  distant  from  each  other. 

The  disturbed  strata  in  the  Isle  of  Wight  range  east  and  west, 
as  do  those  also  in  the  Weymouth  district,  in  the  Mendip  Hills, 
in  a  large  part  of  Devonshire,  and  in  South  Wales.  The  date  of 
the  elevation  of  the  Isle  of  Wight  beds  was  certainly  posterior  to 
the  deposition  of  the  London  clay,  and  there  would  appear  little 
reason  to  doubt  that  the  disturbed  and  fractured  condition  of  the 
Weymouth  district  was  effected  at  the  same  time.  But  when  we 
continue  our  researches  into  Devonshire,  we  find  that  the  east 
and  west  arrangement  of  a  large  proportion  of  the  grauwacke  in 
that  country  was  produced  anterior  to  the  deposit  of  the  (new) 
red  sandstone  series,  since  the  latter  rests  upon  the  upturned  edges 
of  the  former  f.  If  we  now  proceed  northwards  to  the  carboni- 
ferous rocks  of  the  Mendips  and  South  Wales,  we  find  they  also 
have  suffered  an  elevation  in  an  east  and  west  direction,  prior  to 
the  formation  of  the  (new)  red  sandstone;  so  that  in  the  southern 

Sarts  of  England  the  strata  have  been  twice  elevated  in  a  given 
irection  at  different  dates ;  and  if  we  continue  our  researches,  we 

•  Elie  de  Beaumont,  MSS. 

f  Both  the  one  and  the  other  have  been  8\i\>se<va'eii^^  fewixxa^^  «kA. 
many  of  the  faults  have  somewhat  of  east  and  vieat  d^ec>an»Tu 
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find,  from  the  observations  of  Mr.  Weaver,  that  the  grauwacke  in 
the  South  of  Ireland  was  elevated  previous  to  the  deposition  of 
the  old  red  sandstone,  also  in  an  east  and  west  direction ;  thus 
affording  three  elevations  of  strata  (not  far  distant  from  each  other) 
in  the  same  direction,  but  at  different  dates*. 

In  offering  these  observations  it  is  by  no  means  intended  to  com- 
bat the  general  principle  of  the  possibly  contemporaneous  elevation 
of  strata  at  various  and  distant  places,  resulting  from  the  gradual 
refrigeration  of  the  globe ;  beds  of  various  kinds  having  been  sub- 
sequently and  quietly  deposited  over  large  areas,  on  such  disturbed 
strata ;  but  simply  to  remark,  that,  though  parallelism  may  fre- 
quently exist,  it  may  not  be  a  necessary  conmtion  of  contempora- 
neously elevated  strata ;  for  perhaps  by  laying  too  much  stress 
upon  this  point,  we  not  bnly  are  in  danger,  in  the  present  state  of 
oiu*  knowledge,  of  permitting  theory  to  take  the  lead  of  facts,  but 
of  shutting  ourselves  out  from  a  consideration  of  other  possible 
lines  which  contemporaneously  elevated  strata  may  follow.  And 
should  it  eventually  be  discovered  that  contemporaneously  disturb- 
ed beds  are  by  no  means  parallel  though  still  in  straight  lines,  it 
does  not  appear  that  the  main  principle  of  M.  £lie  de  Beaumont's 
theory  would  be  affected  by  it.  What  lines  may  eventually  be 
found  to  prevail,  will,  as  previously  remarked,  require  much  time 
and  great  patience  to  discover;  but  let  the  event  be  as  it  may, 
geologists  will  not  the  less  have  reason  to  feel  thankful  to  M.  Elie 
de  Beaumont  for  having  rescued  the  subject  from  the  state  in 
which  he  found  it ;  it  being  impossible  but  that  the  investigations, 
to  which  this  theory  will  necessarily  give  rise,  must  end  in  the 
most  important  additions  to  geological  knowledge  f . 

It  has  already  been  noticed  by  Prof.  Sedgwick,  tJiat  the  change 
in  the  zoological  character  of  deposits  has  not  always  coincided 
with  disruptions  of  strata ;  and  the  student  will  have  collected 
from  the  foregoing  pages,  as  indeed  is  also  remarked  by  Prof. 
Sedgwick,  that  there  was,  in  Europe,  no  important  change  in  the 
general  zoological  character  of  deposits  up  to  the  zechstein  inclu- 
sive ;  the  first  great  alteration,  as  far  as  we  can  at  present  see  our 
way,  being  observed  in  the  remains  entombed  in  the  variegated 
sandstone  (gr^s  bigarr^),  and  muschelkalk.  It  has  already  been 
observed,  but  may  be  conveniently  repeated  here,  that  the  effect 

*  It  has  been  considered  that  the  north  and  south  line  of  the  carboni- 
ferous rocks  in  Northern  England  was  elevated  at  a  different  epoch  from 
the  east  and  west  line  of  South  Wales  and  Somersetshire,  but  it  must  be 
confessed  that  this  point  is  far  from  being  proved. 

f  It  is  but  right  to  inform  the  student  that  various  objections  haiv 

been  made  to  this  theory  by  different  geologists,  more  particularly  at 

relates  to  some  of  the  Unes  ot  ^\ev«X\OTv  and  their  relative  dates.    Dr. 

Bouif  who  was  among  the  ^rst  \a  tvo'^<i%  ^^\.  Tsv^^Qx^XaSav-Toajues  were 

elevated   at  different  dates,  Yiaa  Vaaet\»^  «.  %«i\«^  ^1  ^\«eQt!(»A\fi.<^ 

-'ournal  de  G^ologie,  torn.  iVi.  ip.  ^^*» 
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produced  on  animal  and  vegetable  life  by  an  upburst  of  a  line  of 
rocks  sufficient  to  produce  a  range  of  mountains,  might  destroy 
all  terrestrial  animals  and  even  a  large  proportion,  if  not  the  whole, 
of  the  vegetation  within  the  influence  of  the  disturbing  cause,  not 
only  by  producing  a  deluge  over  the  land,  which  might  wash  off 
the  animals  and  carry  away  a  great  pronortion  of  the  vegetation, 
but  by  elevating  such  vegetation  into  colder  regions  of  the  atmo- 
sphere where  it  could  no  longer  exist.  In  this  case  we  suppose 
land  so  situated  as  to  produce  plants  and  to  support  terrestrial  crea- 
tures, but  it  will  be  evident  that  if  we  admit  a  contemporaneous 
disruption  of  strata  at  different  points,  it  would  take  place  under 
various  conditions.  In  one  place  it  may  be  effected  in  the  atmo- 
sphere, in  another  in  shallow  seas,  and  in  a  third  beneath  a  great 
depth  and  pressure  of  the  ocean ;  consequently  the  resulting  phse- 
nomena  would  be  as  various  as  the  conditions  under  whicn  the 
disruption  and  elevation  of  strata  were  produced :  but  it  will  be 
obvious  that  the  destruction  of  marine  life  would  be  very  difficult, 
and  we  can  scarcel}',  from  known  facts,  consider  that  there  has 
been  a  disruption  of  the  rocks  composing  the  earth's  surface  so 
general  as  to  annihilate  all  marine  creatures  at  a  given  time,  even 
with  every  allowance  for  the  operations  of  powerful  and  destruc- 
tive currents ;  though  we  can  conceive  that  near  the  centres  of 
every  great  disturbance  there  might  be  a  very  great,  and  as  far  as 
related  to  certain  areas  complete  destruction  of  marine  creatures. 

On  the  Occurrence  of  Metals  in  Rocks. 

To  enter  fully  into  this  subject  would  require  a  volume ;  the 
following  notice  is  therefore  solely  intended  to  call  the  attention 
of  the  student  to  a  few  circumstances  which  may  be  generally  in- 
teresting. 

Metals  occur  in  rocks  either  disseminated ;  in  bunches ;  in  a 
net-work  of  strings  or  small  veins ;  in  beds ;  or  in  veins  filling  fis- 
sures, which  traverse  beds  or  masses  of  rock.  When  metals  are 
disseminated  through  a  rock,  as  tin  often  is  in  granite,  and  iron 

Sy rites  in  many  trap  rocks  and  clay  slates,  there  can  be  little 
oubt  that  they  constituted  original  portions  of  the  rock,  and  that 
they  were  chemically  separated  from  the  mass  during  consolida- 
tion. When  metals  occur  in  bunches,  as  the  copper  at  Ecton, 
Staffordshire,  or  the  lead  in  the  Sierra  Nevada,  in  Spain,  there  is 
a  difficulty  in  considering  them  otherwise  than  contemporaneous 
with  the  rocks  in  which  they  are  included.  The  occurrence  also 
of  metals  in  strings  or  small  veins  crossing  each  other  in  all  di- 
rections, so  that  in  a  section  they  appear  like  net-work,  reminds 
us  strongly  of  the  small  strings  or  veins  of  carbonate  of  lime  in 
many  limestones,  as  has  already  been  observed  by  Mr.  Weaver 
respecting  thpse  of  copper  in  Ross  Island,  Lake  of  Ki^bbrciK^S  ^» 
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that  if  not  precisely  contemporaneous  with  the  original  formation 
of  the  including  rock,  they  were,  like  the  calcareous  veins  in  the 
limestone,  secreted  from  the  rock  into  small  cracks  possibly  pro* 
duced  during  consolidation.  The  occurrence  of  metals  in  beds  has 
been  much  disputed  or  commented  on,  but  it  must  be  admitted 
that  iron  ore  frequently  occurs  in  beds,  and  we  must  regard  the 
copper  slate  of  Thuringia  and  other  adjacent  countries  as  to  a  cer- 
tain extent  a  metallic  bed,  though  it  does  not  strictly  come  under 
the  head  of  a  bed  of  solid  ore.  The  appearance  of  metals  in  beds 
is  often  deceptive,  being  nothing  more  than  a  continuation  of  a 
vein  laterally  between  strata ;  thus  in  the  rich  copper  mine  of 
Allihies,  in  the  South  of  Ireland,  "the  ore  occurs  in  a  large 
quartz  vein,  which  generally  intersects  the  slaty  rocks  of  the  coun- 
try from  north  to  south,  but  in  some  cases  runs  parallel  to  the 
stratification*."  Mr.  Taylor  informs  me  that  the  lead  at  Nent 
Head  in  Alston  Moor,  Cumberland,  shoots  out  laterally  among 
the  strata,  and  that  the  same  fact  is  observable  in  different  mines 
in  Yorkshire  and  Flintshire. 

The  most  common  occurrence  of  metals  is  however  in  veins,  or, 
as  they  are  termed  in  Cornwall,  lodes.  These  are  in  part  filled  up, 
but  in  v£urious  proportions,  with  metallic  substances,  and  have  the 
general  appearance  of  fissures.  They  dip  at  various  angles,  not 
unfrequently  approaching  a  vertical  position.  It  was  at  one  time 
much  disputed  whether  these  fissures  had  been  filled  from  above 
or  beneath ;  but  fronj  facts  that  have  been  noticed  vritliin  a  few 
years,  more  particularly  by  Mr.  Taylor  and  Mr.  Carne,  there  is 
much  difficulty  in  considering  that  either  h3rpothesis  is  generally 
correct.  It  now  appears  that  the  mineral  character  of  a  metalli- 
ferous vein  greatly  depends  upon  the  rock  which  it  traverses,  that 
is,  when  a  vein  braverses  two  rocks,  as  for  instance  granite  and 
slate,  the  contents  of  the  vein  are  not  generally  the  same  in  the 
two  rocks,  but  will  be  different  in  the  one  and  the  other. 

Mr.  Carne  has  observed  respecting  the  metalliferous  veins  of 
Cornwall,  that  it  is  a  rare  circumstance  when  a  vein  which  has 
been  productive  in  one  rock  continues  rich  long  after  it  has  entered 
into  another^  The  same  ^authc^'lias  also  fefnailk^d^h^lf-^  sfanilii 
ehange  will  bfe  bbservfed  even  itt-  the  ^afrtie'roclt,-*ihdtdd^8uclt'rWd{ 
become  harder  or  softeV,'mbte  felaty  or  mofe  compact.''  Headmiti 
that  such  changes  are  sometimes  small,  but  states  that  the  general 
fact  is  sufficiently  apparent,  and  often  very  striking  f . 

Such  facts  are  not  confined  to  Cornwall,  but  have  been  observed 
elsewhere ;  thus  the  lead  veins  traversing  the  carboniferous  lime- 
stone of  Derbyshire,  which  is  in  some  places  much  associated  with 
trap  rocks,  are  found  to  be  so  altered  in  their  passage  through  the 

•  Weaver,  Proceedings  of  the  Geol.  Soc.  June  4,  1830. 
t  Carne,  Trana.  GeoV^oc.  olCoxtcNiiSL^^^V.  \u»  p.  81. 


Occurrence  of  Metals  in  Eocks.  523 

trap,  which)  from  the  mode  of  association,  presents  the  appear- 
ance of  interstratification,  that  it  was  once  considered  the  trap 
cut  off  the  lead  veins ;  this  is  however  now  well  known  not  to  he 
the  case. 

This  fact  of  the  alteration  of  metallic  veins  in  their  passage 
from  one  kind  of  rock  to  another,  or  in  the  same  rock,  should  that 
become  changed,  would  lead  us  to  consider,  with  Mr.  Fox,  that 
their  formation  has  been  in  a  great  measure  due  to  the  silent 
though  powerful  influence  of  electricity.  This  inquiry  may  yet 
be  considered  in  its  infancy ;  but  the  experiments  of  Mr.  Fox  on 
the  electro-magnetic  properties  of  the  metalliferous  veins  of  Corn- 
wall ¥rill  be  read  ^ith  great  interest*. 

That  many  of  these  veins  are  fissures  produced  by  dislocations 
similar  to  those  which  are  commonly  found  in  various  countries, 
and  are  supposed  to  abound  more  in  the  coal-measures  only  be- 
cause opportunities  of  detecting  them  are  there  more  frequent, 
seems  highly  probable ;  indeed  if  veins  are  of  different  ages,  and 
by  cutting  one  another  shift  each  other,  as  has  been  shown  to  be 
frequently  the  case  in  Cornwall,  we  can  scarcely  doubt  it.  The 
following  is,  according  to  Mr.  Carne,  the  relative  ages  of  the 
veins  in  Cornwall:  1.  oldest  tin  lodes;  2.  the  more  recent  tin 
lodes;  3.  the  oldest  east  and  west  copper  lodes;  4.- the  contra 
copper  lodes;  5.  cross  courses ;  6.  the  more  recent  copper  lodes; 
7.  the  cross  fiukans  (clay  veins) ;  and  8.  the  slides  (faults  with 
clay  in  the  fissures)  f . 

Now  if  this  relative  antiquity  of  veins  be  generally  correct  as 
far  as  respects  Cornwall,  it  becomes  a  curious  question,  why,  if 
similar  causes  have  produced  them,  similar  results  should  not  be 
the  consequence.  If  we  admit  the  possibility  of  secreting  the 
contents  of  veins  from  the  rocks  by  electrical  means,  we  cannot 
so  readily  underst^d  why  different  metals  should  fill  the  veins  in 
the  same  rocks,  though  the  direction  of  the  veins  might  have  con- 
siderable influence  on  the  conditions  and  mineralogical  combina- 
tions of  the  same  metal.   While  again  if  we  consider  them  ejected 

•  Fox,  Philosophical  Transactions,  1830,  p.  399.  This  author  con- 
siders that  the  relative  power  of  conducting  galvanic  electricity  is  in 
the  following  order  in  some  of  the  metalliferous  minerals.  Conductors: 
Copper  nickel,  purple  copper,  yellow  sulphuret  of  copper,  vitreous  cop- 
per, sulphuret  of  iron,  arsenical  pyrites,  sulphuret  of  lead,  arsenical  cobalt, 
crystallized  black  oxide  of  manganese,  Tennantite,  Fahlerz.  Fery  imper* 
feet  conductors:  Sulphuret  of  molybdenum,  sulphuret  of  tin,  or  rather 
bell-metal  ore.  Non-conductors:  Sulphuret  of  silver,  sulphuret  of  mer- 
cury, sulphuret  of  antimony,  sulphuret  of  bismuth,  cupriferous  bismuth, 
realgar,  sulphuret  of  manganese,  sulphuret  of  zinc,  and  mineral  combi- 
nations of  metals  with  oxygen,  and  with  acids. 

f  On  the  relative  Age  of  the  Veins  in  Cornwall;  Carne,  Geol.  Trans, 
of  Cornwall,  vol.  ii. 
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from  beneath,  we  are  at  a  loss  to  understand  why  the  metallic  veiiis 
should  he  so  much  altered  in  their  passage  through  different  rocks. 
We  are  certainly  not  prepared  to  say  what  effect  may  have  been 
produced  on  the  vein,  and  on  the  including  rocks,  from  the  con- 
tinued passage  of  electricity  through  the  vein  during  an  immense 
lapse  of  time,  or  from  the  arrangement  of  rocks  on  the  large  scale, 
producing,  when  properly  connected,  the  effects  of  a  grand  galva- 
nic battery ;  but  as  the  information  at  present  stands,  the  history 
of  metalliferous  veins  is  anything  but  clear.  It  is  quite  certain 
from  the  dissemination  of  metals  in  rocks,  that  they  may  consti- 
tute an  original  portion  of  them;  the  small  strings  also  which  cross 
each  other,  and  are  unconnected  with  great  veins,  have  all  the 
appearance  of  chemical  separations  from  the  including  rock;  there- 
fore a  given  rock  may  contain  the  necessary  elements  for  secreting 
substances  into  a  fissure,  in  the  same  manner  that  carbonate  of 
lime  frequently  fills  fissures  in  limestones,  and  quartzose  veins  are 
common  in  rocks  where  silex  is  abundant 

If  the  theory  of  internal  heat  be  well  founded,  it  will  be  evi- 
dent that  the  two  ends  of  a  metallic  vein  will  be  differently  heated, 
and  therefore  we  should  have  a  thermo- electrical  apparatus  on 
the  large  scale,  producing  effects  which,  though  slow,  might  be 
very  considerable.  How  far  such  really  exist  in  nature  remains 
questionable;  but  it  may  be  observed  that  the  experiments  of  Mr. 
Fox  show  the  possibility  of  their  occurrence ;  and  should  further 
researches  in  this  highly  interesting  subject  merely  so  divide 
it,  that  some  of  its  present  apparent  complexity  may  disappear,  a 
great  advance  wiU  be  made  in  this  now  obscure  branch  of  geo- 
logical inquiry. 
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A.  On  tome  of  the  Terms  employed  in  Geology, 
Eoit.  Fig.  106.  Weit, 


'*        S  €  d 

Stratum, — Although,  perhaps,  this  term  should  only  be  applied 
to  a  bed  of  rock,  the  upper  and  under  surfaces  of  which  should 
be  parallel  planes,  it  is  also  employed  to  designate  beds  the 
upper  and  under  surfaces  of  which  are  irregular.  Hence  rocks 
are  termed  stratified,  even  when  the  planes  of  the  beds  are  not 
precisely  parallel  to  each  other. 

Seam, — This  term  is  employed  to  designate  a  thin  stratum. 

Dip, — Strata  are  said  to  dip  when  they  form  an  angle  with  the 
horizon ;  the  point  towards  wnich  they  plunge  being  considered 
the  dip.  The  amount  of  the  dip  is  estimated  by  the  size  of  the 
angle.  In  Fig.  106.  the  strata/ dip  at  a  considerable  angle  to  the 
"west,  because  they  form  a  considerable  angle  with  the  horizontal 
line  hh;  the  strata  d  do  the  same  towards  the  east.  The  strata 
ahc  are  nearly  horizontal,  having  only  a  slight  dip  to  the  west. 

As  it  is  evident  that  mere  vertical  sections,  viewed  only  in  one 
direction,  may  afford  a  false  idea  of  the  real  dip,  and  as  the  planes 
of  the  strata  may  be  irregular,  the  student  must  be  careful  to 
ascertain  the  general  and  real  dip  of  such  planes. 

ylnticUnal  line — is  that  line  n'om  which  strata  dip  on  either 
side :  the  ridge  of  a  house-top  will  convey  an  idea  of  this  line,  the 
slope  of  the  roof  representing  the  dip  of  the  strata.  This  line  is 
often  extremely  useful  in  tracing  disturbances  of  strata  over  a 
country. 

Contorted  Strata. — Strata  are  said  to  be  contorted  when  they 
are  twisted  and  bent,  as  at  e.  Fig.  106.  These  contortions  are 
sometimes  on  the  large  scale,  as  for  example  in  the  Alps,  where 
whole  mountains  are  thus  twisted. 

Conformable  Strata. — Strata  are  termed  conformable  when  their 
general  planes  are  parallel  to  each  other.-  Thus  a  rests  corif^^rs^- 
ably  on  b. 
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Unconformable  5'/rafa.— Strata  are  said  to  be  unconformable 
wben  they  rest  as  a  6  and  c  do  on  the  edges  of  the  beds  rf,  Fig.  106. 

Outcrop. — Beds  are  stated  to  crop-out  when  they  make  their 
appearance  on  the  surface  from  beneath  others.  Thus  the  strata 
d  crop-out  at  g,  as  do  also  the  beds  at  a  6  at  the  same  place. 

Outlier, — Strata  are  said  to  form  outliers,  when  they  constitute 
a  portion  of  country,  detached  from  a  main  mass  of  similar  beds, 
of  which  they  have  evidently  once  formed  a  continuous  part. 
Thus  the  beds  a'  a  constitute  the  outlier  O  of  the  strata  forming  the 
plateau  P,  for  they  have  evidently  once  been  continuous,  and  the 
continuity  has  been  interrupted  by  the  valley  D. 

Escarpment. — Strata  are  said  to  terminate  in  an  escarpment, 
when  they  end  abruptly,  as  a'  a  and  b'  do  at  E. 

Fault — is  such  a  dislocation  of  strata  that  not  only  is  their  con- 
tinuity destroyed,  but  the  mass  of  p. 
beds  on  the  one  side  of  the  frac-  *'&•  ^^'  • 
ture  or  on  the  other,  and  some- 
times both,  are  heaved    out  of 

their  original  position.     Thus  the 

beds  in  Fig.  107.  have  been  dislo-        ^T  - 

cated  or  broken  into  a  fault  at/,  ^ 

the  parts  of  the  stratum  a  being  no  longer  on  the  same  plane. 

Dyke, — This  is  a  wall  of  rock  intermediate  between  two  sides 
of  a  dislocation,  interrupting  the  continuity  of  the  beds  on  either 
side.  Sometimes  the  latter  exhibit  marks  of  having  been  shoved 
up  by  the  intrusion  of  the  rock  in  the  dyke,  as  in  Fig.  107,  where 
the  dyke  d  has  turned  up  the  edges  of  the  beds  which  it  traverses. 
At  other  times,  there  has  been  a  simple  fracture  and  separation, 
permitting  the  presence  of  the  matter  in  the  dyke. 

Rock. — This  term  is  used  by  geologists  not  only  for  the  hard 
substances  usually  thus  termed,  but  also  for  sands,  clays,  &c.  It 
is  also  employed  to  express  a  general  collection  of  such  sub- 
stances ;  thus  the  expression  "  the  rocks  of  a  country  ;'*  or  a  par- 
ticular series  of  mineral  substances,  such  as  "  the  carboniferoos 
rocks,"  **  the  cretaceous  rocks,"  &c. 

Formation, — A  certain  series  of  rocks  supposed  to  have  been 
produced  under  similar  general  circumstances,  and  at  about  the 
same  epoch. 

B.  Organic  Eemains  in  the  Supracretaceous  Blue  MarU  of  tkt 

South  of  France. 

The  following  is  a  list  of  the  organic  remains  which,  according 
to  M.  Marcel  de  Serres,  are  discovered  in  these  marls :  though 
long,  it  will  be  useful  in  showing  the  zoological  character  of  i 
rock,  which  seems  to  preserve  the  same  mineralogical  character 
for  a  considerable  diatauce*. 

•  The  names  which  CoWoyi  \how  ol  ^^  wv^w*^\i»\Mw^^wwMBithe 
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Lenticulites  complanata,  Defr,,  Italy,  Bordeaux,  and  C. 

Vaginella  depressa,  Bast.,  Bordeaux ;  Bulla  ampulla,  Lam.y 
Italy;  B.  striata?  Lam,,  Italy,  Bord. ;  B.  hydatis?  Lam,,  Italy; 
B.  truncatula,  Broc,  Italy,  Bord.;  B.  lignaria,  Lam,,  Bord., 
Italy,  Paris,  England;  Testacella  baliotidea,  Draparnaud,  an 
uialogue. 

Planorbis  minutus,  Faujas  de  St,  Fond. 

Auricula  Pisum,  M.  de  S,,  Italy;  Au.  (species  resembling 
Voluta  myotis,  Broc),  Italy ;  Au.  myosotis,  Draparnaud,  Italy. 

ToRNATELLAfasciata,  Lam,,  analogous  with  the  existing  species, 
r.  allegata,  Desk,,  Paris ;  T.  inflata,  Ferussac,  Bord.,  Paris. 

Paludina  Brardii.     Ampullaria  Faujasii. 

Melanopsis  laevigata.  Lam.  ;  M.  deperdita,  M,  de  S. 

Melania  ventricosa,  Fauj.  de  St.  Fond;  M.  pyramidata,  Favj, 
de  St,  Fond, 

Nerita  Plutonis,  Bast.,  Bordeaux. 

Natica  epiglotina,  Al,  Brong.,  Italy  and  C;  N.  patula,  Italy, 
England ;  N.  cruentata  ?  Lam.,  Italy ;  N.  vitellus  ?  Lam,,  Italy  ; 
N.  Guilleminii,  Payrandeau,  analogous  to  the  living  species,  N. 
011a,  M.  de  S,,  Italy ;  N.  helicina,  Broc,  Italy. 

Delphinula  Solaris  (Trochus  Solaris,  Broc),  Italy. 

Turbo  nigosus,  Broc,  Italy  ;  T.  tuberculatus,  M.  de  S. ;  nume- 
rous opercula  of  the  Turbo. 

Trochus  cingulatus,  Broc,  Italy;  T.  striatus,  Broc,  Italy; 
T.  magus.  Lam, ;  T.  conulus.  Lam. ;  T.  Matonii,  Payrandeau 
(analogous  with  the  species  now  living  in  the  Mediterranean) ; 
T.  Fermonii,  Payrandeau ;  T.  zizyphinus.  Lam.,  an  analogue; 
Trochus,  resembling  T.  raoniliferus.  Lam.;  T.  patulus,  Broc, 
Bord.,  Italy ;  T.  agglutinans,  Broc,  Italy ;  T.  granulatus,  M. 
deS. 

Phasianella  pulla,  Payrandeau  (analogous  with  the  existing 
species)  ;  Ph.  laevis,  M,  de  S. 

Solarium  sulcatum.  Lam.,  Paris ;  Solarium,  very  near  S.  laevi- 
gatum.  Lam. 

Scalaria  Textorii,  M,  de  S.  (Turbo  pseudo-scalaris,  Broc), 
Italy  and  C. ;  Sc.  cancellata  (Turbo  canceUatus,  Broc),  Italy ; 
Sc.  lamellosa  (Turbo  lamellosus,  Broc),  Italy. 

Turritella  rotifera,  Lam.,  in  the  marine  sands,  the  calcareous 
marls,  and  the  calcaire  moellon ;  T.  terebralis.  Lam.,  Bord., 
Italy  and  C. ;  T.  terebra,  Lam.,  (analogue  of  the  existing  species), 
Italy  and  C. ;  T.  turris.  Bast.,  Italy  and  C. ;  T.  tricarinata  (Turbo 


species,  point  out  the  other  localities,  or  supracretaceous  basins  as  they 
are  termed,  in  which  the  same  fossil  is  considered  to  be  found.  When 
the  letter  C.  is  appended,  it  shows  that  it  is  also  discovered  in  the 
calcaire  moellon  of  ihe  South  of  France. 
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tricarinatus,  Broc),  Italy ;  T.  varricosa  (Turbo  varricosus,  Broc.)f 
Italy;  T.  cathedralis,  AL  Brong.,  Italy;  T.  cochleata  (Turbo 
cocnleatus,  Broc),  Italy ;  T.  Arcbimedis,  AL  Brong.j  Italy ;  T. 
serrata  (Trochus  serratus,  Broc),  Italy ;  T.  margin^is  (Turbo 
marginadis,  Broc.)^  Italy ;  T.  muricata,  (Turbo  muricatus,  Broc.)f 
Italy;  T.  imbricata?  Lam.,  Paris  and  C.;  T.  duplicata  (Turbo  du- 
plicatus,  Broc.f)  Italy;  T.  perforata?  Lam,,  Paris;  T.  acutangula 
(Turbo  acutangulus,  Broc),  Italy ;  T.  triplicata  (Turbo  tripHca- 
tU8,  Broc),  Itfdy  and  C. ;  T.  vermicularia,  AL  Brong.,  Italy  and 
C. ;  T.  fuscata,  Lam.,  (analogous  to  the  species  existing  in  the 
Mediterranean  and  Ocean);  T.  Proto,  Bast,  Bordeaux,  Italy,  and 
C. ;  T.  replicata  (Turbo  replicatus,  Broc),  Italy ;  T.  quadripli- 
cata,  BasL,  Bordeaux ;  T.  lata,  M.  de  S, ;  T.  corona,  M,  de  S, 

Cerithium  marginatum,  Bruguiere,  Italy  and  C. ;  C.  prisma* 
ticum,  AL  Brong.,  Italy ;  C.  cinctum.  Bast,  (not  C.  cinctum,  Brth 
gui^re),  Bordeaux ;  C.  cinctum,  BruguUre  (C.  lemniscatum,  AL 
Brong.),  Italy ;  C.  pictum,  BasL,  Bord.,  Italy ;  C.  sulcatum,  Brvr 
guiSre  (C.  plicatum,  BasL),  Bord,  Italy ;  C.  doliolum  (Murex  do- 
liolum,  Broc),  Italy ;  C.  plicatura,  Bruguiere  (not  Bast,),  Bor- 
deaux; C.papaveraceum,  Bast.,  Bordeaux;  C.  subgranosum.  Lam., 
Paris;  C.  tuberculosum?  /jam.,  Paris;  C.  umbilicatum,  Latn,, 
Paris ;  C.  Castellini,  AL  Brong.,  Italy ;  C.  Lima,  Bruguikre  (Mu- 
rex scaber,  Broc),  Italy;  C.  mutabile.  Lam.,  Paris  ;  C.  bicarina- 
tum,  Lam.,  Paris;  C.  turbinatum  (Murex  turbinatus,  Broc.), 
Italy;  C.vulgatum antiquum,  Italy;  C.  multisulcatum,  AL  Brong,, 
Italy;  C.  calcaratum,  AL  Brong.,  Italy;  C.  multigranulatum, 
M.  de  S,  ;  C.  alucaster  (Murex  alucaster,  Broc),  Italy ;  C.  bac- 
catum,  AL  Brong,,  Italy;  C.  ampullosum?  AL  Brong,,  Italy. 

Pleurotoma  turricula  (Murex  turricula,  Broc),  Italy ;  P.  din* 
diata  (Murex  dimidiata,  Broc),  Italy ;  P.  muricata,  M.  de  S., 
Italy;  P.  auricula  (Murex  auricula,  Broc),  Italy;  P.  textile 
(Murex  textile,  Broc),  Italy ;  P.  oblonga  (Murex  oblongus, 
Broc),  Italy;  P.  contigua  (Murex  contiguus,  Broc),  Italy;  P. 
mitrseformis  (Murex  mitraeformis,  Broc),  Italy ;  P.  nfiultinoda, 
Lam,,  Paris ;  P.  spiralis,  M.  de  S,  ;  P.  subulata  (Murex  subula- 
tus,  Broc),  Italy ;  P.  Farinensis,  M.  rfg  S,  ;  P.  harpula  (Murex 
harpula,  Broc),  Italy ;  P.  clathrata,  M,  de  S, ;  P.  Pannus,  Boit.^ 
Bordeaux. 

Fusus  lignarius,  Payrandeau  (analogue  to  the  existing  species, 
common  in  the  Mediterranean),  Italy;  F.  subcarinatus,  ALJBrong., 
Italy ;  F.  subulatus  (Murex  subulatus,  Broc),  Italy ;  Fusus,  a 
species  between  F.  Syracusanus  of  Lamarck,  and  another  and  un- 
described  species  of  the  Mediterranean;  F.  polygonus,  AL  Brong., 
Italy;  F.  rugosus.  Lam,,  Paris;  F.  longirostris  (Murex  longi- 
roatria,  Broc^,  Italy ;  F.  uniplicatus,  Lam,,  Paris. 
Cancel L ARIA  clatYnala,  Lam.,¥«x\s. 
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Ptrula  transversalis,  M,  de  S, ;  P.  ficoides,  Lam.y  (analogue 
of  a  living  species),  Italy;  P.  clathrata,  Lam,,  Italy;  P..  cla- 
throides,  M.  de  S. 

Ranella  marginata,  ^/.  Brong.  (Buccinum marginatum,  ^roc), 
Bordeaux,  Italy;  R.  ranina.  Lam,  (an  analogue). 

MuREx  brandaris,  Lam.,  Italy;  M.  anguliferus,  Lam,  (appa- 
rently an  analogue  of  the  living  species),  Italy;  Murex  Motaciila, 
Lam,  (an  analogue  of  the  living  species),  Italy;  M.  craticulatus, 
Broc,  Italy;  Murex  approaching  M.  trunculus,  Italy;  M.  inter- 
medius,  Broc,  Italy;  M.  calcitrapoides,  Lam,,  Paris;  M.  Blain- 
villii,  Payrandeau  (so  like  the  living  species  in  the  Mediterranean, 
that  it  cannot  be  distinguished  from  it) ;  Murex  cornutus,  Lam. 
(apparently  the  analogue  of  the  existing  species),  Italy;  M.  Haus- 
teUum,  Lam,  (resembles  the  living  species);  M.  brevispina,  Lam, 
(an  analogue  of  an  existing  species) ;  M.  tenuispina.  Lam,  (an 
analogue),  Bordeaux,  Italy;  M.  crassispina.  Lam,  (analogous  to 
a  living  species),  Italy ;  M.  rarispina.  Lam,  (a  complete  analogue), 
Italy;  Murex,  approaching  M.  heptagonus  of  Brocchi,  Italy; 
M.  tripterus.  Lam.  (var.) ;  M.  cristatus,  Broc,  Italy ;  M.  decus- 
satus,  Broc,  Italy;  M.  transversalis,  Af,  de  S, ;  M.  rostratus, 
Broc,  Italy;  M.  oblongus,  Broc,  Italy. 

TuRBiNELLA  infuudibulum  ?  Lam,,  analogous  to  the  existing 
species. 

Triton  corrugatum,  Lam,  (an  analogue),  Italy;  T.  pileare. 
Lam.  (analogous  to  a  species  now  living  in  the  Mediterranean), 
Italy;  T.  doliare,  Broc,  Bordeaux,  Italy;  T.  personatum,  M, 
de  S. ;  T.  intermedium  (Murex  intermedium,  Broc),  Italy ;  T. 
Chlorostoma,  Lam.,  (an  analogue.) 

RosTELLARiA  Pes  Pelicaui  (Strombus  Pes  Pelicani),  Italy, 
Bordeaux. 

Strombus  pugilis.  Lam,  (a  species  completely  analogous  with 
that  now  existing  in  the  Mediterranean) ;  S.  tuberculiferus,  M, 
deS. 

Cassidaria  echinophora  (Buccinum  echinophorum,  Broc)  (an 
analogue),  Italy. 

Cassis  Rondeleti,  Bast,,  Bordeaux ;  C.  marginatus,  M,  de  S. ; 
C.  Dilnvii,  M.  de  S, ;  C.  striatus,  M.  de  S, ;  C.  inflatus,  Af.  de  S. 

DoLiuM,  casts  of. 

Nassa  gibba  (Buccinum  gibbum,  Broc),  Italy;  N.  Caronis, 
Al.  Brong.,  Italy ;  N.  seminstriata,  Al.  Brong.,  Italy. 

Buccinum  asperulum,  Broc,  Italy;  B.  semi-striatum,  Broc, 
Italy ;  B.  transversale,  M.  de  S, ;  B.  corrugatum,  Broc,  Italy ;  B. 
semi-costatum,  jBroc,  Italy;  B.  Calmeilii,  Payrandeau  (altogether 
resembling  the  species  so  common  in  the  Mediterranean) ;  B.  pris- 
maticum,  Broc,  Italy ;  B.  Lacepedii,  Payrandeau,  C. ;  Buccinum, 
apparently  approaching  B.  gemmulatum  oi  Lamarck,  C;  B.  ^oly- 

2  A 
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gonum,  Broc,  Italy;  B.  flexuosum,  Broe.,  Italy;  B. clathratitm, 
Lam»i  Italy;  B.  gibbum,  Broc,  Italy;  B.  Miga,  Lam.  (closely 
approaches  ^e  living  species);  B.  angulatum,  Broc,,  Italy;  B. 
reticulatam,  Lam.  (analogous  to  the  existing  species),  Bordesoz, 
Italy ;  B.  olivaceum,  Lam.  (apparently  an  analogue  of  the  Kiing 
species) ;  B.  Turbinellus,  Broc,  Italy ;  B.  politum,  Btut,,  Bo^ 
deaux,  Italy;  B.  mutabile  (completely  analogous  to  the  Mfing 
species),  Italy ;  B.  crenulatum,  Lam.  (apparently  an  analogve  of 
the  existing  species),  Italy ;  B.  Carcassonii,  M.  de  8. ;  &  eo0- 
tulatum,  Broc,  Italy ;  B.  parvulum,  M.  de  S.;  B.  gibbosahan, 
Broc,  Italy;  B.  pusiUum,  M.  de  S.,  Italy. 

Terebra  duplicata,  Lam.  (an  analogue  of  an  existing  species, 
Bordeaux,  Italy ;  T.  Vulcani,  AL  Brong.,  Italy ;  T.  pertusa,  Bat, 
Bordeaux,  Italy ;  T.  dimidiata  (an  analogue  of  the  existing  ^ 
cies)  ;  T.  plicaria.  Bast.,  Bordeaux. 

MiTRA  scrobiculata  (Voluta  scrobiculata,  Br9c.),  Italy;  M. 
Brocchii,  M.  de  S.,  Italy ;  M.  Gervilii,  Pcofrandeau,  C. ;  if.  py- 
ramidella  (Voluta  p3n:amidella,  Brw:,),  Italy. 

Purpura  Lassaignei,  Bast.,  Bordeaux;  P.  bicostalis,  Lam. 
(analogue  of  the  living  species) ;  P.  undata,  Lam.  (also  an  uar 
logue  of  an  existing  species). 

Voluta  varricosa,  Broc,  Italy;  V.  piscatoria,  Broc.,  Itify; 
V.  citharella,  AL  Brong.,  Italy;  V.  buccinea,  Broc,  Italy;  V.py- 
ramidella,  Broc,  Italy;  V.  tornatilis,  Broc,  Italy. 

Risso A  Cimex,  J?a«^.,  Bordeaux,  Italy;  R.  cancellata.  Lam.; 
R.  pusilla  (Turbo  pusillus,  Broc),  Italy;  R.  cochlearella,  Lam., 
Bordeaux,  Italy,  Paris. 

Marginella  cyprseola  (Voluta  cyprseola,  Broc),  Italy;  M. 
buccinea  (Voluta  buccinea,  Broc),  Italy. 

CYPRiEA  Amygdalum,  Broc,  Italy ;  C.  Mus,  Lam.  (analogous 
to  the  living  species),  C. ;  C.  Coccinella,  Bast.,  Bordeaux ;  C. 
elongata,  Broc,  Italy,  C. 

Anoplax  inflata,  Al.  Brong.,  Italy. 

OvuLA  camea.  Lam.  (an  analogue  to  the  existing  species),  C. 

CoNus  betulinoides.  Lam.,  Paris;  C.  virginalis,  Broc.,  Itih; 
C.  Pyrula,  Broc,  Italy ;  C.  avellana.  Lam.,  Italy ;  C.  turricma, 
Broc,  Italy ;  C.  Aldrovandi,  Broc,  Italy ;  C.  Pelagicus,  Broc, 
Italy ;  C.  Mercati,  Bast.,  Bord.,  Italy ;  C.  canaliculatus,  Broc^ 
Italy,  and  C. ;  C.  deperditus,  Broc,  Bordeaux,  Italy,  Pkrit;  C. 
mediterraneus,  Lam.  (analogous  to  the  existing  species),  C. 

SioARETus  costatus  (Nerita  costata,  Broc),  Italy,  C. ;  S.  striatos, 
M.  de  S. 

PiLEOPsis  Paretti,  M.  de  S. 

CALYPTRiEA  laevigata.  Desk.,  Paris;  C.  muricata  (Patella  mu- 
ricata,  Broc),  Italy,  C. 

Crepidula  unguiformis,  Bott,,  Bordeaux,  Italy. 
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Fatella  vulgata?  Lam,;  P.  Bonardii,  Payrandeau  (analogous 
to  the  existing  species),  C. ;  P.  Umb.ella,  Lam,  (also  an  analogue), 
C. ;  P.  glabra,  Desk.,  Paris. 

Fi9suRELLA  grsca,  Deth,  (Patella  grsBca,  Broc,)y  Italy,  Paris. 

Emarginula,  a  species  closely  approaching  £.  fissura  of  La- 
marck, and  £.  reticulata  of  Sowerby, 

AvicuLA,  species  not  determined. 

Perna  mytiloides.  Lam,,  Bordeaux,  Italy. 

Lima  bullata,  Payrandeau  (analogue);  L.  Breislakii,  Bast., 
Bordeaux,  Italy ;  L.  mutica,  Lam,,  Italy ;  L.  nivea  (Ostrea  nivea, 
Renieri,  JBroe.),  Italy. 

Pecten  laticostatus,  Lam.,  Italy  and  C. ;  P.  benedictus,  Lam,, 
Bordeaux,  Italy  and  C. ;  P.  Plica  (Ostrea  Plica,  Broe.),  Italy; 
P.  scabrellus,  Bast,,  Bord.,  Italy  and  C. ;  P.  dubius  (O.  dubia, 
Broc),  Italy  and  C. ;  P.  multiradiatus,  Bord.,  Italy ;  P.  plebeius 
(O.  plebeia^  Broc),  Italy;  P.  arcuatus  (O. arcuata,  Broc),  Italy; 
P.  turgidus.  Lam.,  apparently  approaches  the  species  found  in  the 
American  seas ;  P.  lepidolaris.  Lam.,  Italy  and  C. ;  P.  striatulus, 
Lam,,  Italy  and  C. ;  P.  striatus  (O.  striata,  Broc),  Italy ;  P.  inae- 
quicostalis?  Lam,,  Italy;  P.  Pusio,  Lam,,  Italy  andC. ;  P.  scutu- 
laris?  Lam.,  Italy  and  C. ;  P.  unicolor,  Lam,,  Italy  and  C. ;  P.  fla- 
belliformis  (O.  flabelliformis,  Broc),  Italy ;  P.  palmatus.  Lam., 
Bordeaux;  P.  solarium,  Lam,,  Italy;  P.  terebratulseformis,  M* 
de  S.,  Italy  and  C. ;  P.  Toumalii,  M,  de  S. ;  P.  Phaseolus?  Lam,, 
Italy ;  P.  seniensis,  Lam.,  Italy  and  C. ;  P.  jacobseoides,  M.  de  S,, 
Italy;  P.  pusioides,  M,  de  S,,  Italy. 

Spondtlus  gaederopus,  Broc,  Bord.,  Italy ;  S.  rastellum,  Lam,y 
Italy  and  C. 

HiNNiTEs  Brussonii,  M.  de  S, ;  H.  Leufroyi,  M,  de  S. 

Plicatula,  species  not  determined. 

Ostrea  canalis.  Lam.,  Paris  and  C. ;  O.  crassissima,  Lam., 
C;  O,  undata,  Lam.,  Bord.,  Italy  and  C;  O.  virginica,  AL 
Brong.,  Italy;  O.  edulina.  Lam.,  Italy  and  C. ;  O.  colubrina, 
Lam.,  Paris;  O.  scabreUa,  M.  de  S.,  Italy;  O.  anomialis.  Lam., 
Italy,  Paris ;  O.  flabellula.  Lam.,  Bord.,  Italy,  Paris ;  O.  frondosa, 
M,  de  S,;  O,  crenulatoides,  M,  de  S, ;  O.  cristata.  Lam.  apparently 
analogous  to  the  existing  species,  Italy ;  O.  corrugata,  Broc,  Italy. 

Anomia  Ephippium,  Broc,  analogous  to  the  existing  species, 
Italy;  A.  costata,  Broc,  Bord.,  Italy;  A.  sulcata,  Broc,  anaJogoos 
to  the  species  now  living  in  the  Mediterranean,  Italy;  A.  radiata, 
Broc,  Italy;  A.  cepa,  Zam.,  analogue  of  the  existing  species, 
Italy;  A.  sinistrorsa,  M,  de  S. ;  A.  electrica,  Lam.,  analogue,  Italy 
and  C. ;  A.  Lens,  Lam.,  closely  approaches  the  living  species, 
Italy  and  C. ;  A.  Pellis  Serpentis,  Broc,  Italy  and  C. 

Pinna  subquadrivalvis,  Italy;  P.  augustana?  Lam.;  P.  tetra- 
gona,  Broc,  Italy;  P.  pectinata,  Lam.^  approaches  the  living 
species. 
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Arc  A  barbata,  Lam,,  analogue;  A.  Gaymardiy  PaprandeaUj 
apparently  analogous  to  the  Uving  species ;  A.  antiquata,  Xom., 
analogue  of  the  existing  species,  Italy;-- A.  Diluvii,  JBast,,  Bord., 
Italy  and  C. ;  A.  aurita,  Broc,  Italy ^  A.  bi^ngula,  Lam,,  Italy; 
A.  lactea,  Lam,,  analogue  of  the  living  species,  Italy;  A.  Qaoyi, 
Payrandeau,  analogous  to  the  living  species;  A.  cardiifonnis, 
Bast,,  Bordeaux,  Italy ;  A.  Breislaki,  Bast,,  Bord.,  Italy ;  A.  pec- 
tinata,  Broc,  Italy ;  A.  clathrata,  Bast,,  Bordeaux. 

Pectunculus  violacescens,  Lam.j  analogous  to  the  living  spe- 
cies ;  P.  nummarius,  (Area  nummaria,  Broc),  C. ;  P.  pygmaeos, 
Lam.,  Paris;  P.  subconcentricus,  Lam.,  Paris;  P.  pulvinatiu, 
Bord.,  Italy,  Paris,  England,  and  C. 

NucuLA  minuta  (Area  minuta,  Broc),  Italy;  N.  pella,  Lam., 
analogue  of  the  living  species,  Italy;  N.  nicobarica,  Lam,,  Italy; 
N.  rostrata.  Lam,,  (an  analogue,)  Italy ;  N.  margaritacea,  Lam,, 
analogous  to  the  existing  species,  Bord.,  Italy. 

MoDioLA  discrepans,  Lam.,  C, ;  M.  Semen,  analogous  to  tlie 
existing  species ;  M.  subcarinata?  Lam,;  Mytilus  ^ulis,  jBoft 
(Broc),  Bord.,  Italy. 

Unio,  species  undetermined. 
Anodonta,  perhaps  many  species. 
Cypricardia,  many  species,  not  determined. 
Cardita  ajar,  Lam, ;  C.  trapezia,  Lam,,  an  analogue ;  C.  at- 
nuata,  Payrandeau,  an  analogue. 
Crassatella  latissima,  Zam. 

IsocARDiA  Cor,  Lam,,  exactly  resembling  the  living  species, 
Bord.,  Italy. 

Chama  intermedia,  Broc,  approaches  Cardita  oi Lamarck,  Italy; 
C.  pectlnata,  Broc,  Italy ;  C.  gryphoides,  Lam,,  analogous  to  the 
existing  species,  Bordeaux,  Italy. 

Cardium  hians,  Broc,  Italy;  C.  punctatum,  Broc,  Italy; 
C.  ciliare,  Broc,  Italy;  C.  oblongum?  nroc,  Italy;  C.  serratum! 
Lam,,  Italy;  C.  rusticum,  Broc,  Italy;  Cardium  approaching 
C.  tuberculatum,  Lam.,  Italy ;  C.  rhomboides  ?  Lam,,  Italy  and 
C. ;  C.  scrobinatum.  Lam.,  C. ;  C.  distans?  Lam,,  Italy;  C.  lari- 
gatum,  analogous  to  the  existing  species,  Italy;  C.  edule,  Broc. 
(Bast,),  an  analogue,  widely  spread,  from  Antibes  to  the  Pyreneea^ 
Italy  and  C. ;  C.  glaucum,  Bruyuiire,  au  analogue ;  C.  fragile, 
Broc,  Italy;  C.  striatulum,  Broc,  Italy;  C.  planatum,  Broe., 
Italy ;   C.  echinatum,  Broc,  Bord.,  Italy. 

Tellina  stricta,  Broc,  Italy ;  T.  carinulata.  Desk,,  Paris  and 
C. ;  T.  zonaria,  Lam.,  Bordeaux;  T.  tenui-stria.  Desk,,  Italy, 
Paris;  T.  pellucida,  Broc,  Italy;  T.  rudis,  Lam.,  Paris;  T.  sut- 
rotunda.  Desk.,  Paris;  T.  elegans.  Bast,,  Bordeaux;  T.  depressa, 
Lam,,  analogous  to  the  existing  species,  Italy;  T.  elliptica,  Broc. 
Jtaly;  T.  strigosa,  Lam.,  aiva\o^o\\&  to  ihe  existing  species,  Italv; 
T.  compressa,  Italy  and C,  •,  T.^u\cV^^^sl,C;.\'\.^^J^»sl^\a^I.am,^^^ 
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T.  striatella,  Broc,  Italy  and  C. ;  T.  rostralina,  2>««A. ;  T.  nitida, 
Lam,y  anologous  to  the  existing  species. 

Luc  IN  A  iactea,  Lam.,  analogous  to  the  existing  species,  C. ;  L. 
Scopulorum,  BmL,  Italy  and  C. ;  L.  Saxorunii  Desk,,  Paris;  L. 
concentrica,  Zai».,  Paris  and  C. 

CoRBis  lamellosa,  Lam,,  Paris ;  C.  ventricosa,  M.  de  S, 

Cyrena,  many  species,  not  determined. 

Cyclas,  perhaps  many  species. 

Cyprina  islandicoides,  iam,,  in  the  marine  sands,  the  calcaire 
moellon,  the  hlue  marls,  and  in  the  supracretaceous  hasins  of  Bor- 
deaux, Italy,  Paris,  and  England. 

Cytherea  exoleta.  Lam,,  analogous  to  the  existing  species ; 
C.  erycinoides,  Bast,,  Bordeaux ;  C.  Lincta,  Lam,,  an  analogue, 
Bordeaux,  Italy ;  C.  Chione,  Lam,  (Broc,)^  Italy ;  C.  elegans.  Lam, 
(Desk,),  Paris ;  C.  erycinoides.  Lam,,  Bordeaux,  Italy ;  C.  mac- 
troides.  Lam, ;  C.  Cypria  ?  (Venus  Cypria,  Broc),  Italy ;  C.  Des- 
hayesiana,  Bast,  Bordeaux ;  C.  lutidula,  Lam,,  Paris ;  C.  Aphro- 
dite, M,  de  S,,  Italy;  C.  undata.  Bast,,  Bordeaux;  C.  semisul- 
cata.  Lam,,  Paris ;  C.  incrassata  (Venus  incrassata,  Broc),  Italy ; 

C.  globulosa??  Desk,,  Paris. 

Venerecardia  Jouanetii,  Bast,,  Bord. ;  V.  Laurae,  Al,  Brong,, 
Italy ;  V.  planicosta.  Lam,,  Paris ;  V.  pinnula.  Bast,,  Bordeaux. 

Venus  impressa,  M,  de  S, ;  V.  angula,  M,  de  S,  ;  V.  senilis, 
Broc,^  Italy ;  V.  PuUastra,  Lam,,  an  analogue,  Italy ;  V.  Dysera, 
Broc,,  Bord.,  Italy  and  C. ;  V.  gallina.  Lam,,  an  analogue ;  V.  ru- 
gosa,  Broc,,  Italy ;  V.  cassinoides,  Ba^t,,  Bordeaux ;  V.  Pectun- 
culuB,  Broc,  Italy ;  V.  radiata,  Broc,  Italy ;  V.  circinnata,  Broc, 
Italy ;  V.  Lupinus,  Broc,  Italy. 

DoNAX  nitida.    Lam,,  Paris ;   D.  Basterotina^  Desk,,  Paris ; 

D.  Fabagella,  Payrandeau,  an  analogue. 
Mya  conglobata,  Broc,  Italy. 
Corbula  revoluta,  Bast,,  Bord.,  Italy. 
Fetricola  striata.  Lam, 

LuTRARiA  elliptica?  Lam,,  Italy;  L.  piperatra,  Lam, ;  L.  sole- 
noides  ?  Lam.,  Italy. 

Mactra  triangula.  Bast,,  also  in  the  faluns  of  Touraine  ; 
M.  crassatella,  Lam.,  England ;  M.  Iactea,  C. 

SoLBN  Vagina,  Lam,,  Italy ;  S.  siliqua  ?  Lam,,  Italy  and  C. ; 
S.strigillatus,  Lam,,  Bord.,  Italy;  S.  candidus,  Broc,  Bord.,  Italy; 
S.  coarctatus,  Broc,  Italy ;  all  these  species  of  Solen  have  their 
existing  analogues. 

Psammobia  Labordei,  Bast,,  Bordeaux ;  Ps.  pulchella,  Lam,, 
Italy ;  Ps.  vespertina.  Lam,,  an  analogue. 

Panop^a  Faujasii,  Menard  de  la  Groye,  Bord.,  Italy  and  C. 

Sanouinolaria,  species  not  determined. 

Gastrochjena  cuneiformis,  Lam.,  analogous  to  the  existing 
species,  C. 
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Terebkatula  ampi]l]%  M,  de  S,  (Anomia  ampuUa,  Broe), 
Italy. 

Pholas  Branderi,  Basi^j  Bordeaux. 

CIRRIPED  A.  Balanus  Tintinnabulum,  Lam,^  also  in  tihe  ma- 
rine sands  and  C. ;  B.  miser  ?  Lam,,  also  in  marine  sandi  and  C. ; 

B.  semiplicatus  ?  Lam,,  also  in  marine  sands  and  C. ;  B.  peifo- 
ratus,  Lam,,  also  in  marine  sands  and  C. ;  B.  patellaris,  Lam,, 
also  in  marine  sands,  C,  and  in  Italy ;  all  the  above  Bidani  are 
analogues ;  B.  pustularis,  Lam,,  marine  sands,  C,  Italy ;  K  eris- 
patus,  Lam,,  marine  sands,  C,  Italy. 

ANNULATA.  Serpula  quadrangularis ?  Lam,;  S.  arenaiia, 
Lam,,  Italy ;  S.  contortuplicata,  Lam, ;  S.  spirorbis  ?  Broe,,  ana- 
logous to  the  existing  species,  Italy ;  S.  spirulasa,  Lam, ;  S.  ammo- 
noides,  Broc,,  Italy;  S.  annulata?  Lam,;  S.  protensa,  Lmm,,  ana- 
l(^ou8  to  the  existing  species  in  the  Mediterranean,  Italy. 

Dentalium  elephantinum,  Zom.,  apparently  analogous  to  the 
existing  species ;  D.  sexangulum,  Broc, ;  D.  triquetnun,  Broe, ; 
D.  entalis,  Lam,,  apparency  analogous  to  the  existing  species, 
Italy;  D.  coarctatima,  Lam,,  Italy;  D.  Tarentinum,  Lam,y  Italy; 
D.  striatum.  Lam,,  Italy,  Paris. 

R  ADI ARI  A.  Species  of  the  Echinite  family  are  not  stated  to  oc- 
cur in  the  blue  marls ;  but  the  following  are  found,  according  to 
M.  Marcel  de  Serres,  in  the  calcaire  moellon,  or  calcareous  mark 

Echinus  miliaris,  Lam,,  calc.  moel. ;  £.  granularis  ?  Lam,,  per- 
haps analogous  to  the  existing  species,  calc.  moel. 

ScuTELLA  striatula,  3f.  de  S,,ca\c.  moel. ;  S.  gibercula,  If.  de&^ 
calc.  moel. 

Galerites  pustulata,  M,  de  S,,  calcareous  marls. 

Clypeaster  altus,  Lam,,  calc.  moel.,  and  in  Italy;  C.  maigi- 
natus,  Lam,,  calc.  moel.,  and  also  Bord.,  Italy ;  C.  politus  ?  Lam,, 
calc.  moel.,  also  Italy ;  Clypeaster,  closely  approaching  C.  ovi- 
formis  of  Lamarck,  calc.  moel. ;  C.  excentricus,  Lam,,  calc  moel. ; 

C.  hemisphericus,  Lam.,  calc.  moel.,  also  Italy ;  C.  stelliferus,  Zon., 
calc.  moel.,  also  Italy ;  C.  gibbosus,  M,  de  S,,  calc.  moeL  ;  C.  scu- 
tellatus,  M,  de  S.,  calc.  moel. 

Spatangus  canaliferus,  Lam.,  calc.  moel.:  the  specimens  of  this 
fossil  found  highly  preserved  in  the  calc.  moel.  of  Barcelona  appear 
quite  analogous  to  the  existing  species ;  Sp.  Isvis  ?  Delue,  calc. 
moel.;  Sp.  arcuarius.  Lam.,  analogous  to  the  existing  species, 
calc.  moel. ;  Sp.  retusus?  Lam.,  calc.  moel. 

CRUSTACEA.  Podophthalmus  Defrancii,  Desmarest,  (This 
is  the  only  species  noticed  by  M.  Marcel  de  Serres  in  the  blue 
marls ;  but  he  states  that  the  Ateiecylus  rugosus,  Desmarest,  it 
found  in  the  calcaire  moellon,  near  Montpellier.  Remains  of  the 
genus  Portunus  are  also  mentioned.) 
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C.  List  of  the  FossU  Shells  contained  in  the  Supraeretaceotu  Rocks 
of  Bordeaux  and  DaXy  and  enumerated  by  M.  De  Baaterot*. 

Nautilus  Aturi,  BasLy  Dax,  Houdan  ;  not  considered  identical 
with  the  N.  Pompilius  existing  in  the  Eastern  seas. 

Lenticulites  complanata,  Defr,,  Dax,  L6ognan,  Antwerp, 
Pontoise,  Montpellier,  and  Italy ;  common  at  Saucats. 

NuHMULiTEs  laevigata,  Lam,,  common  in  many  supracretaceous 
deposits ;  N.  compk^ata,  Lam,,  Dax,  Soissons  1 

Lycophoris  lenticularis,  Defr,,  common  near  Bordeaux,  Clau- 
diopoUs  in  Transylvania. 

V  AGiNELLA  depressa,  Bosc,  L^ognan,  Saucats. 

Bulla  lignaria,  Linn,  (var.),  analogous  to  the  existing  species, 
Dax,  L^ognan,  Piedmont,  England,  Paris ;  B.  cylindrica,  Brug,, 
Grignon,  Piedmont,  Vienna,  Dax,  Bordeaux ;  B.  Utriculus,  Broc, 
analogous  to  the  existing  species,  Piacenza,  Bordeaux,  Da^ ;  B. 
Lahrella,  Fer,,  Dax ;  B.  clathrata,  Defr,,  Dax ;  B.  truncatula, 
Bruff.,  analogous  to  the  existing  species,  environs  of  Paris,  Sienna, 
Riluogo,  Dax. 

BuLLiNA  Lajonkaireana,  Bast,,  ahundant  at  Saucats,  L^ognan, 
and  M6rignac. 

Helix  nemoralis,  analogous  to  the  existing  species,  fresh-water 
limestone  at  Saucats;  H.  variabilis,  Drap,,  analogous  to  the  ex- 
isting species,  fresh-water  limestone,  Saucats. 

BuLiMus  ?  terehellatus.  Lam,,  analogous  to  the  existing  species, 
Grignon,  Placentine,  Dax. 

Planorbis  comeus,  Drap,,  analogous  to  the  existing  species, 
Saucats. 

Lymnea  palustris.  Drop,,  analogous  to  the  existing  species,  in 
many  supraoretaceous  deposits,  Saucats. 

Auricula  ringens,  Lam,,  analogous  to  the  existing  species, 
Paris,  Nice,  Italy,  Touraine,  Bordeaux,  Dax;  A. hordeola.  Lam., 
Grignon,  L6ognan. 

Tornatella  sulcata  (Auricula  sulcata,  Lam,),  Grignon,  Dax, 
Bordeaux;  T.  inflata,  Fh,,  Champagne,  Dax;  T.  semistriata, 
Defr,,  L^ognan;  T. punctulata,  F6r,,  L^ognan,  Saucats,  Dax; 
T.  papyracea,  Bast,,  Dax ;  T.  Darg^elasi,  Bast,  L6ognan,  Saucats. 

Pyramidella  Mitrula,  Fh,,  Leognan,  M6rignac;  P.  terebel- 
lata  (Auricula  terebellata,  Lam,),  Grignon,  Volterra,  Bordeaux, 
Dax. 

Turbo  Parkinsoni,  Bast,,  Dax;  T.  Fittoni,  Bast,,  Dax ;  T.  La- 
chesis,  Bast,,  common  at  Bordeaux  and  I)ax. 

Delphinula  marginata,  Lam,,  Grignon,  Dax ;  D.  Scobina 
(Turbo  Scobina,  Al,  Brong,),  Castelgomberto,  Dax,  and  near  Va- 

*  Description  G^ologique  du  Bassin  Tertiaire  du  Sud-Ouest  de  la 
France:  M^m.  de  la  Soc.  d'Hist  Nat  de  Paris,  t  ii. 
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lognes ;  D.  sulcata,  Lam,,  Grignon,  var.  at  L^ognan ;  D.  trigo- 
nostoma,  Bast,  Dax. 

TuRRiTELLA  terebralls,  Lam,,  common  at  Dax,  L^ognan,  and 
Saucats ;  T.  Arcbimedis,  Al,  Brong,  (var.  Burdigalensis,  Bait), 
Ronca,  var.  a  Bassano,  var.  /3  Anjou,  var.  y  Bordeaux ;  T.  aspe- 
rula,  Al,  Brong,,  Ronca,  Dax  ;  T.  Turris,  Bast,  analogous  to  the 
existing  species,  Dax;  T.  quadriplicata,  Bcut,,  above  the  fireshr 
water  limestone  at  Saucats;  T.  cathedralis,  AL  Brong,,  Turin, 
L6ognan,  Saucats;  T.  Proto,  Bast,  Saucats;  T.  Desmarestma, 
Bast,  Dax. 

ScALARiA  communis  (var.),  analogous  to  the  existing  n>ecies, 
Flacentine,  Volterra,  Bramerton,  Dax;  S.  acuta.  Sow.,  Barton, 
Dax ;  S.  multilamella,  Bast,  Fames,  L^ognan. 

Ctclostoma  Lemani,  Bast,  fresh-water  limestone,  Saucats, 
Dax,  and  Tongres,  near  Maestricht. 

Paludina  pusilla  (Bulimus  pusillus,  Al,  Brong.)  analogous  to 
the  existing  species,  Paris,  Bordeaux. 

M ONODONTA  elegans,  Faujas  de  St  F,,  L^ognan,  rare  at  Bor- 
deaux; M.  Modulus,  Lam.,  analogous  to  the  existing  species, 
Dax;  M.  Araonis,  Bast,  analogous  to  the  existing  species?  M^ 
rignac,  Touraine,  Dax. 

TRocHusBenetti,  Sow.,  Stubbington,  Turin,  L^ognan,  Saucats; 
T.  patulus,  Broc,  Placentine,  Bologna,  Vienna,  Bordeaux,  Dax ; 
T.  Boscianus,  Al,  Brong.,  Castelgomberto,  Dax ;  T.  Labarum, 
Bast,  Dax;  T.  turgidulus?  Broc,  Italy,  M^rignac;  T.  Buck- 
landi.  Bast,  above  the  fresh-water  limestone,  Saucats ;  T.  Aude- 
bardi,  Bast,  L^ognan. 

RoTELLA  Defraneii,  Bast,  L6ognan. 

Solarium  carocollatum,  Lam,,  L6ognan,  Dax. 

Ampullaria  compressa,  Bast,  Dax;  A.  crassatina.  Lam,, 
Pontchartrain,  var.  at  Dax. 

Melania  costellata.  Lam.,  Grignon,  Ronca,  Sangonini,  Dax; 
M.  subulata,  Volterra,  L6ognan,  Dax ;  M.  hordeacea.  Lam,, 
Houdan,  Pierrelaye,  Beauchamp,  Isle  of  Wight,  var.  at  Saucats ; 
M.  clatbrata.  Bast,  Dax ;  M.  nitida.  Lam.,  Grignon,  Placentine, 
Fames,  Dax ;  M.  distorta  (Turbo  politus,  Montagu),  analogous 
to  the  existing  species,  Thorigne,  Bordeaux. 

Melanopsis  Dufourii,  Fer.,  Dax. 

RissoA  Cochlearella  (Melania  Cochlearella,  Lam,),  Grignon, 
M^rignac,  var.  at  Dax ;  R.  Cim'ex  (Turbo  Cimex,  Broc),  analo- 
gous to  the  existing  species,  Bologna,  Isle  of  Ischia,  Merignac, 
var.  at  Dax ;  R.  varicosa,  Bast,  Merignac ;  R.  ?  Grateloupi,  Bast,, 
Merignac. 

Phasianella  turbinoides,  Lam,,  Grignon,  Merignac,  Dax; 
P.  Prevostina,  Bast,  L^ognan,  Saucats. 

NATicACanrena,  Broc,  analogous  to  the  existing  species,  Italy, 
England,  L^ognan,  Saucats,  Dax;  N.  glaucina,  Broc,  analogous 
to  the  existing  species,  Italy,  liCo^wi,  \i«8.* 
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Nerita  Plutonis,  BcuLf  M^rignac. 

Neritina  fiuviatilis,  Lam,,  analogous  to  the  existing  species, 
Tuscany,  M6rignac,  Dax  (often  preserves  its  colours). 

CoNus  deperditus,  Xam.,  (analogous  to  the  existing  species  at 
Owhyhee,)  Grrignon,  Ronea,  Turin,  Bordeaux,  Dax ;  C.  alsiosus, 
Al,  Brong.,  Ronca,  Dax,  Bordeaux ;  C.  Mercati,  Vienna,  San 
Miniato,  Saucats. 

Cyprjea  Coccinella,  Lam,,  Grignon,  Suffolk,  Angers,  Nantes, 
Dax ;  Cy.  annulus,  Broc,  analogous  to  the  existing  species.  Pied- 
mont, Ronca,  Bordeaux ;  Cy.  annularia,  Al,  Brong,,  Turin,  Bor- 
deaux ;  Cy.  leporina,  Lam,,  Dax ;  Cy.  lyncoides,  Al,  Brong,, 
Turin,  Bordeaux  -;  Cy.  Dudosiana,  BasL,  Dax. 

Oliva  plicaria,  Lam,,  M6rignac,  L6ognan,  Dax,  Saucats ;  O. 
Clavula,  Lam,,  M^rignac,  Dax ;  O.  Dufresnii,  Bast,,  M^rignac, 
Dax,  Saucats. 

Ancillaria  canalifera,  Lam,  (A.  turrellata.  Sow,),  Grignon, 
Barton,  Dax,  Bordeaux ;  A.  infiata  (Anolax  inflata,  AL  Brong.), 
Turin,  Vienna,  L^ognan,  M^rignac,  Dax,  Saucats. 

VoLUTA  Lamberti,  Sow,,  analogous  to  the  existing  species,  Suf- 
folk, Anjou,  L6ognan ;  V.  rarispina.  Lam,,  Dax,  Bordeaux ;  V. 
affinis,  Broc.,  Ronca,  Turin,  L6ognan. 

Marginella  cyprseola,  Placentine,  Touraine,  Dax. 

MiTRA  Dufresnii,  Bast,,  rare  at  L^ognan;  M.  scrohiculata, 
Placentine,  Piedmont,  Sienna,  var.  at  Bordeaux ;  M .  incognita, 
Bast,,  M^rignac,  Dax. 

Cancellaria  acutangula  (C.  acutangularis.  Lam,),  L6ognan, 
Saucats ;  C.  trochlearis,  Lam,,  L6ognan,  Saucats ;  C.  doliolaris. 
Bast,,  rare,  L^ognan,  C.  Geslinii,  Bast.,  L^ognan,  Saucats ;  C. 
fouccinula.  Lam,,  Vienna,  Cr^pyinValois,  Bordeaux;  C.contorta, 
Bast,  Italy,  Saucats ;  C.  cancellata.  Lam,,  anal,  exist,  species ; 
Piedmont,  Placentine,  Sienna,  Bordeaux. 

BucciNUM  Veneris,  Faujas  de  St,  F.,  L6ognan,  Saucats ;  B.  hac- 
catum,  Bttst,,  Saucats,  L6ognan,  M6rignac,  var.  a  Dax,  var.  /3 
Saucats,  var.  y  Vienna ;  B.  politum.  Bast,,  Piedmont,  Saucats. 

£burna  spirata  (Buccinum  spirata,  Brug,),  anal,  exist,  species, 
Rennes,  Dax,  Saucats. 

Nassa  reticulata  (Buccinum  reticulatum,  Broc),  anal,  exist, 
species,  San  Miniato,  Castel-Arquato,  Sienna,  var.  u  Dax,  var.  fi 
Saucats  and  L^ognan ;  N.  asperula,  Broc,  Placentine,  Sienna, 
var.  u  Dax,  var.  fi  L6ognan  and  Saucats ;  N.  angulata,  Volterra, 
Saucats;  N.  columbelloides,  Bast.,  Vienna,  Angers,  Touraine, 
Dax,  L^ognan,  Saucats  (approaches  a  living  species)  ;  N.  Des^ 
noyersi.  Bast,  Dax,  Saucats ;  N.  cancellaroides.  Bast,,  Dax ;  N. 
Andrei,  Bast,  Bordeaux. 

Purpura  costata  (Nerita  costata,  Broc),  Placentine,  Dax,  Bor^ 
deaux ;  P.  Lassaignei,  Bast,  L6ognan. 

Cassis  Saburon  (Cassidea  Saburon,  Brug,)^  aiialQ^Q\3&  1^  ^^ 
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existing  species,  Calabria^  FUcentine,  Yieima,  L^ognaa,  Sancatiy 
Dax;  C.  Hondeleti,  Boat,  L^ognan,  Dax. 

Cassidaria  Cythara,  Italy,  Bordeaux. 

Terebra  plicaria,  analogous  to  the  existing  speciei,  Saacats; 
T.  plicatula,  Lam,,  Grignon,  Saucats,  L^ognan,  Dax ;  T.  cinerea 
(T.  aciculina,  Lam,),  analogous  to  the  existing  species,  Piedmont, 
L6ognan,  Saucats ;  T.  striata,  analogous  to  the  existing  species, 
Saucats ;  T.  dnplicata,  Lam.,  analogous  to  the  existing  species? 
Sienna,  Piedmont,  Rome ;  T.  pertusa  (var.),  analogous  to  the  ex- 
isting species,  Saucats ;  T.  murina,  Dax. 

Cerithium  maigaritaceum,  AL  Brong,,  Sienna,  Mayence ;  C. 
corrugatum,  Al,  Brong,,  Ronca,  Saucats ;  C.  inconstans,  Bad,, 
Saucats;  C.  ampullosum,  Al,  Br(mg,,  Castelgomberto,  Vienna, 
M6rignac,  Dax ;  C.  plicatum.  Lam,,  Montpellier,  Pontchartrain, 
Mayence,  Castelgomberto,  Saucats ;  C.  cinctum.  Lam,,  Montpel- 
lier, Pontchartrain,  Beynes,  Houdan,  Saucats;  C.  Charpentieri, 
Bast,,  Dax;  C.  papaveraceum.  Bast,,  Touraine,  M^rignan;  C 
lemniscatum,  Al,  Brong,,  Ronca,  Dax;  C.  Salmo,  Bast,,  L6- 
ognan,  M6rignac ;  C.  pictum.  Bast,,  Vienna,  M^rignac,  Soucats ; 
C.  lamellosum,  Lam,,  Courtagnon,  Grignon,  var.  Dax;  C.  anga- 
losum,  Grignon,  Saucats ;  C.  Diaboli,  AL  Brong,,  the  Diablerets, 
Switzerland,  Dax;  C.  resectum,  Defr,,  Hauteville,  Dax,  M^ri- 
gnac ;  C.  calculosum.  Bast,,  Dax,  L^ognan ;  C.  pupeeforme,  Bast,, 
rare,  M^rignac;  C.  granulosiun  (Murex  granulosus,  Broc,),  ana- 
logous to  the  existing  species,  Volterra,  M6rignac ;  C.  scaber, 
analogous  to  the  existing  species,  Italy,  M6rignac,  Llognan. 

MuREx  Pomum,  Linn,,  analogous  to  the  existing  species,  Pla- 
centine,  Saucats,  M6rignac;  M.  sublavatus,  Bast,,  rare,  M6ri- 
gnac,  L^ognan,  Saucats;  M.  Lingua-Bovis,  Bast,,  Saucats,  U- 
ognan ;  M.  suberinaceus,  Bast,,  Bordeaux. 

Typhis  tubifer  (Murex  tubifer.  Lam,),  analogous  to  the  existing 
species,  Grignon,  Barton,  Highgate,  L^ognan. 

Triton  doliare  (Murex  doliaris,  Broc,),  Placentine,  Pisa,  Sienna, 
L6ognan. 

Ranella  mar^ata,  Al,  Brong,,  Piedmont,  Pisa,  Placentine, 
Volterra,  Turin,  L^ognan,  M6rignac;  R.  leucostoma,  Lam,,  ana- 
logous to  the  existing  species,  Placentine,  Bordeaux. 

Fusus  lavatus,  Sow.,  Barton,  Paris,  L6ognan,  Saucats,  Dax; 
F.  buccinoides.  Bast,  (Buccinum  subulatum,  Broc),  Placentine, 
Saucats,  M^rignac  (a  Mediterranean  shell  approaches  this  spe- 
cies) ;  F.  rugosus.  Lam,,  Grignon,  Valosnes,  Dax  (different  from 
the  Fusus  rugosus  of  Sowerby);  F.  clavatus,  Placentine,  var. 
Bordeaux. 

Pleurotoma  tuberculosa.  Bast,,  Vienna,  Saucats,  L^ognan; 
P.  Pannus,  Bast,,  L6ognan,  Saucats,  Dax ;  P.  denticulata,  Bast,, 
Touraine,  Saucats,  L6ognan,  M6rignac,  Dax ;  P.  ramosa,  Bast, 
Thongak^  Angers,  Lteguaii,  ^wx^a\&\  P.  Borsoni,  Bast,^  Sau- 
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cats,  L^ognan,  M^rignac;  P.  plicata,  Zam.,  Grignoni  Dax;  P. 
undata,  Lam,,  Grignon,  Epemay,  Dax;  P.  multinoda,  Lam., 
Bordeaux ;  P.  Turrella,  Lam,,  Grignon,  var.  Dax ;  P.  crenulata, 
Lam,,  Grignon,  var.  L6ognan;  P.  cataphracta,  Placentine, 
Sienna,  Bologna,  Bordeaux ;  P.  purpurea,  BasL^  analogous  to 
the  existing  species,  L^ognan;  P.  terebra,  Bast,,  L6ognan, 
Saucats,  Dax;  P.  costellata.  Lam,,  Grignon,  L^ognan,  Dax;  P. 
cheilotoma.  Bast,,  Bordeaux. 

Fasciolaria  Burdigalensis,  Defr,,  L6ognan,  Saucats,  M^rignac ; 
F.  uniplicata  (Fusus  uniplicatus,  Lam,),  Grignon,  Epernay,  Dax. 

Ptrula  condita,  Al.  Brong,,  Turin,  L6ognan,  Saucats ;  P. 
Clava,  Bast,,  Dax,  Bordeaux;  P.  Lainei,  Bast,,  Saucats,  L^ognan, 
M^rignac,  Dax ;  P.  Melougena,  analogous  to  the  existing  species, 
Courtagnon,  Saucats,  Dax,  M^rignac ;  P.  rusticula.  Bast,,  Dax, 
Bordeaux. 

TuRBiNELLA  Lynchl,  Bast,  rare,  L6ognan. 

Strombus  decussatus,  Dax;  S.  Bonelli,  Al.  Brong,,  Turin,  Dax. 

RosTELLARiA  Pes-Pelicaul,  analogous  to  the  existing  species, 
common  in  many  supracretaceous  deposits,  L^ognan,  Dax ;  R: 
curvirostris,  Lam,,  analogous  to  the  existing  species,  Dax. 

SioARETuscamaliculatus,  Sow,  Hordwell,  Paris,  Bordeaux,  Dax. 

Capulus  (Pileopsis)  sulcosus  (Nerita  sulcosa,  Broc),  Placen- 
tine, M^rignac. 

Crepidula  unguiformis  (C.  Italica,  Defr,),  analogous  to  the 
existing  species,  Placentine,  Sienna,  Vienna,  Saucats;  C.  coch- 
learia.  Bast,  analogous  to  the  existing  species,  M^rignac. 

FissuRELLA  costaria.  Desk.,  Grignon  ?  Dax. 

Calyptr^a  deformis,  Lam,,  Dax,  Bordeaux;  C.  depressa, 
Lam,,  abundant  at  Bordeaux;  C.  muricata  (Patella  muricata, 
Broc),  analogous  to  the  existing  species,  Piedmont,  Placentine, 
Castel-Arquato,  L6ognan,  Saucats ;  C.  ornata.  Bast,,  Dax. 

HippoNYX  granulatus.  Bast,,  Dax. 

Ostrea  flabellula.  Lam,,  Grignon,  Hordwell,  Barton,  Brussels, 
Saucats,  L6ognan ;  O.  undata.  Lam,,  Dax,  Bordeaux ;  O.  Cym- 
bula.  Lam,,  Grignon,  Barton,  Saucats. 

Pecten  scabrellus.  Lam,  (Ostrea  dubia,  Broc),  Val  Andone, 
Piedmont,  Saucats ;  P.  Burdigalensis,  Lam,,  Saucats,  approaches 
P.  Pleuronectes,  P.  obliteratOs,  and  P.  Laurcnti ;  P.  multiradia- 
tus,  Lam.,  Italy,  Saucats. 

Spondylus,  fragments. 

Perna  Ephippium,  Lam,,  analogous  to  the  existing  species, 
Bordeaux. 

AvicuLA  phalaenacea.  Lam,,  L^ognan. 

Pinna,  fragments. 

A  RCA  biangula,  Lam,,  Grignon,  L6ognan;  A.  scapulina,  Zam., 
Grignon,  M^rignac ;  A.  clathrata,  Defr,,  analogous  to  the  existing 
species,  Angers,  Thorign6,  Nice,  MIrignac;  A.  Diluvii^  Lata* 
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(A.  pectinata,  Broc),  Houdan,  Touraine,  Flacentiney  Sienim^ 
Turin,  Vienna,  Bordeaux;  A.  Breislaki,  Bast,  Dax. 

Pectunculus  Cor,  Lam,,  Saucats,  M6rignac,  L^ognan;  P. 
pulyinatus,  Lam,,  Paris,  Touraine,  var.  et  Dax  and  Bordcnuix, 
var.  iS  L6ognan ;  M.  de  Basterot  considers  this  shell  the  same 
with  that  found  at  Walton. 

.  NucuLA  emarginata.  Lam,,  L6ognan,  Saucats ;  N.  margarita- 
cea.  Lam.  (Area  Nucleus,  Broc),  analogous  to  ^e  existing  q^ 
cies,  Grignon,  Placentine,  Barton,  Highgate,  L^ognan^  Dax. 

Mytilus  antiquorum,  Sow,,  Suffolk,  var.  Saucats,  M^rignac; 
M.  Brardiiy  AL  Brong.,  Mayence,  Dax,  M^rignac;  M.  ^ulis, 
Linn,,  analogous  to  the  existing  species,  Piedmont,  Placentine^ 
Sienna,  yolterra,^  Saucats. 

MoDioLA  cordata.  Lam,,  Paris,  Domfront,  Saucats. 

Cardita  hippopea,  Bast,,  Saucats. 

Venericardia  Pinnula,  Bast,,  heds  above  the  fresh-water 
limestone,  Saucats,  Dax;  V.  Jouanneti,  Bast,,  Italy,  Vienna, 
Bordeaux;  V.  intermedia  (Cardita  intermedia,  Lam,),  Placen- 
tine.  Sienna,  Dax. 

Erycina  elliptica.  Lam,,  Ecouen,  Senlis,  Saucats. 

Chama  grypnoides,  Broc,  analogous  to  the  existing  i^>ecie8, 
Piedmont,  Placentine,  Sienna,  Dax,  L6ognan,  Saucats,  M^rignac 

Cardium  edule,  Linn,,  analogous  to  the  existing  species,  Pla* 
ccntine.  Piedmont,  Sienna,  Bramerton,  Ipswich,  Dax ;  C.  Bur- 
galinum,  Lam,,  Dax,  Bordeaux;'  C.  serrigerum.  Lam,,  Grignon, 
Bordeaux ;  C.  echinatum,  Brug,,  analogous  to  the  existing;  spe- 
cies, Placentine,  Touraine,  Bordeaux,  var.  Vienna ;  C.  Fallas- 
sianum.  Bast,,  Dax ;  C.  multicostatum,  Broc,  Placentine,  var. 
L6ognan ;  C.  discrepans,  Bast,,  bed  above  the  fresh-water  lime- 
stone, Saucats,  Dax. 

DoNAx  anatinum.  Lam,,  analogous  to  the  existing  species ;  var. 
Dax,  Bordeaux;  D.  elongata,  Lam,,  analogous  to  tne  existing 
species,  M^rignac ;  D.  triangularis,  Ba^t,,  approaches  an  pTiajji^g 
species,  Saucats;  D.  irregularis,  Bast,,  Dax;  D.?  difficilis,  Bagt,, 
Dax. 

Cyrena  Brongniartii,  Bast,,  Ronca,  M^rignac,  Saucats;  C. 
Sowerbii,  Bast,,  Paris,  Saucats. 

Tell  IN  A  zonaria,  Lam,,  Dax,  Saucats,  L6ognan,  M^rignac 
(preserves  its  colours) ;  T.  elegans,  Desk,,  Hauteville,  Grignon, 
above  the  fresh- water  beds,  Saucats ;  T,  bipartita,  Bast,,  Saucats ; 
T.  biangularis,  DesJu,  Paris,  var.  Dax. 

LuciNA  Columbella,  Lam,,  Touraine,  L6ognan,  Saucats,  Dax, 
M^rignac-;  L.  divaricata,  Lam.,  analogous  to  the  existing  species, 
Grignon,  L^ognan,  M^rignac,  common  at  Hordwell  ana  Sau- 
cats; L.  scopulorum,  Al,  Brong,,  Ronca,  Turin,  M^rignac, 
Saucats;  L.  dentata,  Bast,,  Dax,  Saucats;  L.  digitalis.  Lam,, 
analogous  to  the  existing  fii^ec\e%,  y«x«)  ^wa5ia.\&\  L,  hiatelloides, 


Appendix,  541 

Bastf  rare,  L6ognan ;  L.  gibbosula,  Lam,,  analogous  to  the 
existing  species ;  Grignon,  Dax ;  L.  renulata.  Lam,,  analogous 
to  the  existing  species,  Grignon,  Bordeaux ;  L.  neglecta.  Bast,, 
Dax,  Bordeaux. 

Venus  Dysera,  Linn.,  analogous  to  the  existing  species,  Pie'd- 
mont,  Placentine,  Dax,  Saucats ;  V.  casinoides,  Lam,,  Vienna, 
L^ognan,  Saucats ;  V.  vetula,  Bast,,  Saucats,  L6ognan ;  V.  ra- 
diata,  Broc,  analogous  lo  the  existing  species,  Italy,  Saucats, 
L6ognan,  Dax. 

CvTHERiEA  erycinoides,  Lam.,  analogous  to  the  existing  speciesy 
Paris,  Turin,  Rome,  Saucats,  L^ognan,  Dax ;  C.  Deshayesiana, 
Bast,  Saucats,  L6ognan;  C.  tincta,  Lam,,  perfect  resemblance 
to  existing  species,  Saucats,  C.  leonina,  Bast,  L6ognan,  Sau- 
cats ;  C.  undata,  Bast,  Saucats,  abundant  at  MIrignac ;  C.  niti- 
dula.  Lam.  (Venus  transversa.  Sow.),  Grignon,  Barton,  Saucats. 

Cyprina  Islandicoides,  Lam.  (Venus  sequalis.  Sow,),  Suffolk, 
Placentine,  Antwerp,  Dax,  Bordeaux. 

Venerupis  Faujasii,  Bast.,  Bordeaux. 

Petricola  peregrina,  Bast.,  in  large  madrepores,  M6rignac. 

Saxicava  anatina,  Bast,  in  the  holes  which  it  has  bored  in  the 
fresh-water  limestone,  when  the  latter  was  covered  by  the  waters 
of  an  ancient  sea,  Saucats. 

Clotho  ?  uhguiformis.  Bast,  in  holes  which  it  has  pierced  in 
the  marine  and  fresh-water  limestones,  Saucats. 

CoRBULA  revoluta,  Smu.,  Barton,  Italy,  Dax,  L^ognan,  M6rx- 
gnac,  Saucats ;  C.  striata.  Lam.,  Grignon,  var.  Angers,  var.  Bor< 
deaux. 

Mactra  striatella.  Lam,,  analogous  to  the  existing  speciesf 
Saucats;  M.  deltoides,  Lam,,  Grignon,  Saucats;  M.  triangula, 
Broc,  analogous  to  the  existing  species,  Placentine,  Saucats. 

Lutraria  Sanna,  Bast,,  Saucats.     Mya  omata.  Bast,  Dax. 

PANOPiEA  Faujasii,  Mesnard  de  la  Groye,  Parma,  Sienna,  Pisa, 
San  Miniato  (Reggio),  Placentine,  Piedmont,  L6ognan. 

PsAMMOBiA  Labordei,  Bast,  approaches  Ps.  vespertina,  Leach, 
a  living  species,  Saucats. 

Solen  strigillatus,  Linn.,  analogous  to  the  existing  species, 
Placentine,  Piedmont,  Vienna,  Grignon,  L6ognan,  Dax ;  S.  Va- 
gina, Linn.,  analogous  to  the  existing  species,  Placentine,  Grignon, 
Saucats ;  S.  Legumen,  Linn,,  Saucats. 

Pholas  Branderi,  Bast,,  in  the  rolled  stones  and  corals,  Tou- 
raine  and  M6rignac. 

Clavaoella  coronata,  Desk,,  Meaux,  Pauliac,  nine  leagues 
from  Bordeaux. 

D.  Cretaceous  Rocks  at  StevensMint,  Seeland, 

The  description  of  these  rocks  by  Dr.  Forchhammer  (Brewster's 
Edinburgh  Joum.  of  Science,  vol.  ix.  1828,"^  \%  \ii!QrL^^«c>a!!sd^^s^ 
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interesting  when  connected  with  the  zoological  passage  of  the  cretsr 
ceous  into  the  supracretaceous  rocks,  noticed  at  p.  257.  It  appean 
that  the  hase  of  the  cliff  at  Stevensklint  is  formed  of  chdk  with 
heds  of  nodular  flints.  Upon  the  chalk,  which  is  represented  to 
have  an  undulated  surface,  rests  a  thin  hed  (ahout  six  inches  thick) 
of  a  hituminous  clay,  containing  a  Zoophyte,  Sharks'  teeth,  a  Pee- 
ten,  impressions  of  a  hivalve,  and  traces  of  vegetable  remains.  In- 
cumhent  on  this  is  a  hard  yellowish  white  limestone,  containing 
the  remains  of  the  genera — Patella,  1  species ;  Cypraa,  2 ;  Futut, 
1 ;  Cerithium,  2 ;  AmpttUaria,  1 ;  Trochus,  1  ;  Dentalium,  1 ;  ArcOj 
I ;  Mytilus,  1 ;  SerptUa,  1 ;  Spatangus,  I ;  Favosites,  1 ;  and  Turbi' 
nolia,  1 ;  with  Fishes*  teeth  and  undeterminahle  univalves,  bivalves, 
and  corals.  This  limestone  contains  green  grains,  seldom  exceeds 
three  feet,  and  is  sometimes  only  a  few  inches,  in  thickness,  hut  it 
is  nowhere  entirely  wanting.  It  is  covered  by  another  limestone, 
from  thirty  to  forty  feet  thick,  almost  entirely  composed  of  frag- 
ments of  corals,  and  forming  the  upper  part  of  the  clifl*.  This  u 
divided  by  corneous  flint  into  many  beds,  the  flint  beds  being  bent 
and  curved.  It  is  remarkable  that  the  organic  remains  of  this 
deposit  are  such  as  are  considered  characteristic  of  the  chalk, 
consisting  of  Ananchytes  ovata,  Ostrea  vesictdaris,  Belemmtes  mu- 
cronatus,  &c.  Dr.  Forchhammer  observes  that  the  remains  of 
Ananchytes  ovata  are  occasionally  so  abundant,  that  the  limestone 
almost  entirely  consists  of  them. 

It  would  appear  from  the  above,  that  there  is  an  apparent  alter- 
nation of  the  fossils  usually  considered  cretaceous,  with  those  more 
commonly  referred  to  the  supracretaceous  period ; — a  circumstance 
so  far  remarkable,  that  it  shows  a  state  of  things  somewhat  difierent 
from  the  more  s;radual  mixture  and  change  supposed  to  have  taken 
place  in  the  Alps  and  Pyrenees,  and  at  Maestricht ;  being  one  in 
which  the  conditions  were  alternately  favourable  to  the  presence 
of  animals  supposed  characteristic  of  two  difierent  classes  of 
rocks. 

£.     Additional  Remarks  on  the  Jamaica  Earthquake  of  1692. 

It  is  with  much  satisfaction  that  I  find  myself  enabled  to  ofier 
some  additional  information  respecting  this  earthquake,  confirming 
the  opinions  I  have  already  expressed  on  the  subject  (p.  133 — 135). 
For  this  information  my  thanks  are  principally  due  to  Dr.  Miller, 
of  Jamaica ;  formerly  of  the  Artillery,  and,  when  in  that  regiment, 
stationed  for  some  time  at  Port  Royal. 

A  plan  of  Port  Royal,  formed  from  authentic  and  existing  do- 
cuments, and  representing  the  extent  of  that  town,  previous  to, 
and  immediately  after,  the  earthquake  of  1692,  as  also  about  a 
century  afterwards,  was  published  in  the  Jamaica  Almanac  for 
1806,  having  first  appeared  about  ten  or  twelve  years  previously. 
The  annexed  wood-cut  O^Vg*  10^.^  \&  ^x^^\]kK.>i<Q»TiQ^  this  ^lan  (the 
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lines  of  BtreetE  lieing  omitted),  with  the  addition  of  the  present 
extent  of  cliis  point  ofland,  accordipg  to  Dr.  MilUr.  a,  a,  0,0,0, 
And  L,  the  boundaiy  of  the  town  and  point  of  Pott  Royal  previous 
to  the  great  earthquake.  The  darkly  shaded  parts  P  and  C,  the 
portion  that  remained  after  the  earthquake  \  C  being  Fort  Charles. 
The  lightly  shaded  part  N,  N,  N,  the  extent  of  the  town  and 
point  at  the  end  of  the  eighteenth  century  |  the  accumulation  of 
sand  having  heen  principally  produced  by  tlie  natural  drift  of 
sand.  The  spaces  /,  /,  /,  and  H,  the  additional  land,  formed  by 
the  drifUng  of  the  sand  since  that  time,  and  constituting  with  the 
lightly  shaded  portions  jV,  N,  N^,  the  present  extent  of  the  town 
and  point  of  Port  Royal.  The  apace  A,  formerly  tnown  as  Cho- 
colate Hole,  now  filled  up,  forms  patt  of  the  garrison  parade. 


Open  Sea. 


It  also  appears  that  the  portion  of  Port  Royal  which  remuned 
nbove  water,  after  the  shock,  is  generally  considered  to  be  based 
upon  white  limestone,  as  is  the  case  with  Kurt  Charles.  This  rock 
is  now  known  to  constitute  the  base  of  part,  if  not  alaige  propoi^ 
tioD,  of  the  ridge  of  land,  named  the  Palisades,  which  commences 
close  to  Port  Royal  (i,  Fig.  108.),  and  very  probably  also  forms 
the  base  of  the  various  coral  reefs  known  as  the  Port  Royal  Keys. 

We  here  appear  to  have  an  explanation  of  the  submergence 
that  took  place  during  the  earthquake  at  Port  Royal.  The  sands 
gave  way  or  settled  during  the  shock,  while  the  more  solid  por- 
tions or  rocks  remained  firm,  leading  us  to  infer  that  there  was  no 
general  subsidence ;  for  had  there  been  a  general  subsidence,  the 
rocks  should  have  disappeared  with  the  rest.  Dr.  Miller  informs 
me,  diat  when  he  resided  in  Port  Royal,  prior  to  the  great  &e  of 
1815,  there  were  many  old  people  then  living,  descendants  of  the 
early  settlers,  and  it  was  the  traditional  opinion  among  th^m, 
that  the  great  damage  was  produced  by  the  slipping  of  the  sand, 
an  opinion  in  accordance  with  those  previously  noticed  (pp.  134, 
135). 

While  in  Jsjnoica,  in  1824, 1  eii^Kv(«ite&mvu)[i\AWft'<#Ga&. 
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are  commonly  termed  the  ruins  of  Old  Port  Royal ;  and  it  now 
appears  ithat  they  are  covered  up  with  sand,  forming  considerable 
inequalities  of  ground  beneath  tne  sea,  to  the  W.  and  N.  W.  of  tbe 
present  naval  hospital.  When  vessels  touch  on  these  ineaualitia, 
they  are  said  to  ''  ring  the  bells  of  Old  Port  Royal."  It  noweyer 
by  no  means  follows  that  the  ruins  were  not  more  distinctly  vin- 
ble  in  1780,  as  is  stated  to  be  the  case  by  Sir  Charles  Hamuton* 
and  others :  on  the  contrary,  we  must  expect  them  to  have  been  so; 
fi>r  we  have  seen  that  the  transport  of  sand,  principally  produced  by 
the  breakers,  driven  forwards  by  a  prevalent  wind  (the  trade  wind), 
is  very  considerable  at  Port  Koyal,  so  that  the  ruins  would  be 
gradually  covered  up. 

In  thus  endeavouring  to  show  that  there  has  been  little  or  no 
subsidence,  taking  the  term  in  its  usual  geological  acceptation, 
during  this  earthquake  at  Port  Royal,  it  must  not  be  imagined 
that  I  consider  subsidence  might  not  have  taken  place,  but  merely 
that  the  evidence  is  against  such  a  supposition  in  this  particular 
case. 

While  on  this  subject  it  may  not  be  out  of  place  to  observe,  that 
the  Cutch  earthquake  of  1819  has  been  recently  shown  to  have 
been  of  greater  unportance  than  was  at  first  imagined.  For  it 
now  appears,  from  the  observations  of  Lieutenant  Bumes,  as  de- 
tailed by  Mr.  Lyell  f,  that  not  only  was  there  considerable  subsi- 
dence, but  also  a  remarkable  elevation  of  upwards  of  fifty  miles  in 
length,  running  parallel  to  the  subsidence,  across  the  delta  of  the 
Indus  from  east  to  west.  The  greatest  observed  height  of  this 
elevated  land,  in  some  places  sixteen  miles  broad,  was  ten  feet. 

F.  On  Geological  Maps  and  Sections, 

It  is  of  the  very  first  importance  that  the  geologist  should,  be- 
fore he  proceeds  to  the  examination  of  a  country,  be  provided  with 
the  best  physical  map  that  can  be  procured,  so  that  his  observa- 
tions may  be  recorded  on  that  which  will  not  deceive  him.  It 
nmst  be  admitted  that  such  maps  are  sufficiently  rare :  but  this 
defect  may  now  be  considered  as  being  gradually  removed;  for  in 
many  of  those  recently  published  in  this  country  and  on  the  conti- 
nent, much  attention  has  been  generally  paid  to  the  real  physical 
features  of  the  country,  more  particularly  to  the  exact  delmeaticm 
of  the  mountain  masses.  Formerly,  geographers  contented  them- 
selves with  running  a  range  of  high  land  between  all  the  water 
sheds,  with  little  regard  to  relative  heights ;  so  that  a  real  depres- 
sion between  two  ranges  of  mountains  was  not  unfrcquently  con- 
verted into  a  high  connecting  ridge,  merely  because  the  streams 
of  water  flowed  difierent  ways  in  consequence  of  a  very  trifling 
degree  of  elevation. 

•  LyeU's  Principles  of  GwAo^,  ^oV  \V  >  *l^^.        \  1\A^  V^^ 
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Respecting  the  maps  of  our  own  countnr,  too  much  praise  can- 
not be  given  to  the  late  sheets  of  those  published  by  the  Ordnanc«^ 
remarkable  not  only  for  their  general  fidelity,  but  also  for  the 
shading  of  the  hills;  in  this  last  respect  very  superior  to  the 
earlier  sheets.  With  these  maps  in  his  hands  me  geologist  feelf 
that  his  time  is  not  thrown  away,  and  by  noticing  various  minute 
circumstances  upon  them,  he  is  subsequently  enabled  to  soar,  as  it 
were,  above  the  country  he  has  examined ;  and  by  combining  his 
various  observations,  he  may  arrive  at  general  conclusions,  with 
which  he  might  not  otherwise  feel  satisfied,  and  to  which  he  might 
never  have  been  led  without  an  exact  document  of  this  nature  *. 

The  value  of  exact  geological  maps  is  daily  becoming  more  ap- 
parent, and  it  is  by  no  means  difficult  to  foresee  that  many  geolo- 
gical problems  will  eventually  be  solved  by  their  accimiulation. 
Already  has  a  great  change  been  effected  in  this  department,  but 
much  more  remains  to  be  accomplished,  and  it  is  exceedingly  de- 
sirable that  even  general  lines  in  sketches  should  not  be  hastil v 
run.  The  best  general  geological  maps  which  have  been,  or  will 
soon  be,  published,  are  Greenough's  Map  of  England  and  Wales, 
second  edition  ;  £lie  de  Beaumont  and  Dufr^noy's  France ;  Hoff- 
man's North  Western  Germany;  and  Oeynhausen,  La  Roche,  and 
Von  Decken's  Rhine.  Smaller  maps  of  greater  or  less  interest 
are  sufficiently  common,  and  will  be  found  in  various  scientific 
works,  more  particularly  in  the  Transactions  of  the  Geological 
Society  of  London. 

As  the  direction  of  faults  and  mineral  veins,  and  the  dip  of 
strata,  are  daily  becoming  of  greater  importance,  the  student 
should  be  careful  always  to  represent  them  on  his  map  when  pos- 
sible. The  former  are  certainly  often  very  difficult  to  trace,  yet 
much  may  be  accomplished  by  diligent  research,  and  the  singular 
lines  frequently  obtamed  will  amply  repay  the  patient  investiga- 
tion of  the  observer. 

With  respect  to  geological  sections,  too  much  stress  cannot  be 
laid  on  the  importance  of  rendering  them  as  conformable  to  na- 
ture as  circumstances  will  admit ;  mat  is,  the  perpendicular  ele- 
vations and  base  lines  should  be  as  much  as  possible  on  the  same 
scale.  Without  this  necessary  precaution  such  sections  are  little 
better  than  caricatures  of  nature,  and  are  frequently  much  more 
mischievous  than  useful,  even  leading  those  who  make  them, 
to  fjBlse  conclusions,  from  the  distortion  and  false  proportions  of 

•  The  student  must  carefully  guard  himself  from  considering  all  well 
engraved  maps  exact ;  for  very  frequently  a  hard  unpromising  engraving 
far  exceeds  in  value  one  finely  got  up,  which  may  falsely  represent  mi- 
nute undulations  of  land,  and  all  its  varied  characters,  with  the  greatest 
apparent  precision ;  such  physical  features  only  existing  in  the  imagina- 
tion of  the  artist. 
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the  variouB  ports ;  gentle  doping  Talleys  being  ccmT^rted  into  deep 
ravines,  moderate  moantains  into  enonnons  elevations,^  and  m 
possibility  of  conjecturing  the  kind  of  sur&ce  upon  which  aay 
particular  deposit  was  thrown  down,  and  the  relatiYe  importanoe 
of  the  deposit  itself,  being  entirely  destroyed.    It  will  at  onee  be 
admitted  that  the  proportional  thickness  of  a  deposit  is  sometimes 
80  trifling  when  compared  to  its  length,  that  it  could  not  be  con- 
veniendy  represented  on  paper ;  but  as  the  relative  importance  of 
soch  a  deposit  is  precisely  one  of  the  circumstances  that  should  be 
exhibited  in  a  section,  it  will  be  obvious  that  though  it  may  be 
necessary  to  quit  exact  proportion,  the  section  shoiud  be  k^  as 
nearly  to  it  as  possible.    The  cases,  however,  in  which  exact,  or 
nearly  exact,  proportion  can  be  kept  are  sufficiently  nnmerou; 
and,  unless  it  be  desirable  to  convey  fialse  impressions,  it  is  clmiy 
in  the  interest  of  science  that  sections  should  be  what  they  pre- 
tend to  be,  miniature  representations  of  nature*. 

G.  Tables  for  calctdaUng  Heights  by  the  Barometer, 

The  following  Tables  are  those  of  M.  Oltmanns,  which  are  ge- 
nerally admitted  as  among  the  most  convenient  hitherto  published. 
Being  calculated  for  the  metrical  barometer,  they  were  useless  to 
persons  employing  that  graduated  according  toElnglish  inches  and 
their  decimal  parts.  To  render  them  appb'caUe  to  our  barometers, 
a  table  (A)  has  been  prefixed,  in  which  the  equivalent  of  eveiy 
millimetre  of  the  metrical  barometer  is  given  in  English  inches 
and  the  thousandth  parts  of  inches. 

To  reduce  the  metres  used  in  these  tables  into  English  feet,  a 
table  (F)  is  appended,  where  the  number  of  English  feet  corre- 
sponding to  any  nimiber  of  metres  up  to  10,000  will  be  immediately 
obtained. 

Abstraction  being  made  of  table  A  prefixed,  and  table  F  ap- 
pended, the  march  of  operations  is  as  follows  : 

Let  h  be  the  height  of  the  barometer  at  the  lower  station  ex- 
pressed in  millimetres ;  Itf  that  of  the  higher  station ;  T  and  V 
the  temperature  of  the  barometer  at  the  difiTerent  stations  according 
to  the  centigrade  thermometer ;  t  and  ^  that  of  the  air. 

We  search  in  table  B  for  the  munber  which  corresponds  to  A; 
let  us  call  it  a :  we  likewise  search  in  the  same  table  for  that  whieb 
corresponds  to  h! ;  let  this  be  named  h :  let  us  call  c,  the  generally 
very  small  number  which,  in  table  C,  faces  T — T' ;  the  approxi- 
mate height  will  be  a — h — c.  (If  T— T'  is  negative,  it  should  be 
written  a— 6+c.  In  order  to  apply  the  correction  necessary  for 
the  strata  of  air,  it  will  sufiice  to  multiply  the  thousandth  part  of 
the  approximate  height  by  the  double  sum  2  (<+<0  of  the  detached 

*  For  the  differences  between  correct  and  caricature  sectioiis,  see 
Sections  and  Views  iWusUative  of  Geological  Phsenomena,  pL  2. 
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thennometers ;  the  correction  wfll  be  either  positive  or  negative, 
according  as  t-{-t'  is  itself  either  positive  or  negative. 

Hie  second  and  last  correction,  that  for  the  latitude  and  the  di- 
minution of  weight,  is  obtained  by  taking,  in  table  D,  the  number 
which  corresponds  vertically  to  uie  latitude,  and  horizontally  to 
the  approximate  height :  this  correction,  which  can  never  exceed 
28  metres,  is  always  added. 

In  those  very  rare  cases  where  the  lower  station  is  itself  consi- 
derably elevated  above  the  sea,  it  will  be  necessary  to  apply  a 
small  correction  to  be  found  in  table  £. 

In  order  to  understand  the  calculation  of  a  height  by  means  of 
these  tables,  and  those  prefixed  and  appended,  let  us  suppose  that 
in  latitude  =:  44°  we  had,  at  the  level  of  the  sea,  the  barometer 
=  30*040  English  inches,  temperature  of  the  instrument  =  22^*5 
centigrade,  and  of  the  air  =  22°.  At  the  top  of  a  mountain,  the 
barometer  =  26'5  75  English  inches,  temperature  of  the  instrument 
=  17°-5,  and  of  the  air  =  17°. 

In  order  to  obtain  the  equivalents  of  the  English  inches  in  mil- 
limetres, search  in  table  A  ;  where  the  number  of  millimetres  cor< 
responding  to  30*040  inches  observed  at  the  sea  will  be  763,  and 
that  of  26*575  observed  on  the  mountain  will  be  675.  Having 
obtained  these  equivalents,  the  calculation  proceeds : 

Mill.       Metres. 

Barometer  at  sea  level =«  763   «  6182*0"!   -,  ..^  g 

Barometer  on  the  mountain    .     .    .     .  »  675  «  5206* 


n 


975*9 
Di£  of  attached  thermometers.    .    .    .  »  5**  »        7*4     Table  C. 


Apparent  height 968*5 

Double  the  sum  of  the  detached  thermometers  1  ^.  . 

multiplied  by  the  thousandth  part  of  968*5  .   J 

1044* 
Correction  for  latitude 3*1      Table  D. 

Height  of  the  mountain 1047*1 

Height  in  English  feet •     *     .    .      3435      Table  F. 

When  the  height  of  the  barometer,  graduated  according  to  En- 
glish inches  and  their  parts,  does  not  precisely  correspond  with  a 
certain  number  of  millimetres,  and  when  great  accuracy  is  re- 
quired, it  will  be  obvious,  that  instead  of  taking  the  next  nearest 
number  to  it  in  the  tables,  as  might  otherwise  be  done,  it  will  be 
necessary  to  calculate  the  difference. 
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Inches. 
14*56 
•606 


BffU. 

370 
371 


•646372 
•685  373 
•725374 
•764375 
•803376 
•843377 


•882 
•921 


378 
379 


•961,380 
15^000;381 
•040|382 
•079:383 
•118384 
•156385 
•197386 
•236387 
•276'388 
•315|389 
•355390 
•394391 
•433:392 
•473|393 
•512394 
•551395 
•591*396 
•630;397 
•670398 
•709,399 
•748  400 
•788  401 
•827  402 
•866  403 
•906404 
•945  405 
•985  406 
16^024407 
•0631408 
•102409 
•142410 


•181 
•221 


Inches.  Mil. 

18-347  466 
386467 
•425  468 
•465  469 
•50447 
•543471 


411 
412 


•260413 
•299:414 
•339415 
'578416 
•4J7417 


•583 
•622 


Inches. 
20*237 


472 
473 


•662474 

•701475   ^590  523 


•740476 

•780477 
478 
479 
480 
481 
482 
483 
484 
485 
486 
487 
488 
i89 
490 
491 

•370492 
493 
494 
495 
496 
497 
498 

•646  499 


•685 
•725 
•764 
•803 
•843 
•882 
•922 
•961 


20-000508 


-040 
•079 
•118 


•276515 

•315 

•355 

•394 

•433 

•473 

•512 

•551 


630524      ^520  572 


•670525 


526 
527 
528 


500 
501 
502 
503 
504 
505 
506 
507 


509 
510 
511 


•709 
•748 
•788 
•827 
•866 
•901 

•945|532 
•984*533 
21025'534 
•063:535 
•102536 
•142537 
•181538 
•220539 
•260|540 
•300:541 
•339|542 
•3781543 
•4181544 
•4571545 
•496546 

•536547 

•575 

•615 

•654 

•693551 
552 
553 
554 
555 
556 
557 
558 
559 


•559 
•599 
•638 
•6781576 
•717  577 


•756 
•796 
•835 
•874 
•914 
•953 
•992 
23032 
•071 
•111 


578 
579 
580 
581 
582 
583 
584 
585 
586 
587 


Inches.  Bfili 
24-016619 
•0551611 
-0951618 
•134613 
•174614 
•213615 
•252616 
•292'617 
•331 618 
•370619 
•410)620 
•449621 
•489622 
•528623 
•567624 


•607 


625 


•646626 
•685  627 
•725  628 


•764 
•804 


629 
630 


•843)631 


•882 


632 


•922,633 


•961 


6341 


•150588 

•189589 

•229590 

•2681591 

•307:592 

•3475931 

•386  5941 

•4265951; 

•465'596{! 

•504j597|i 

•5441598 

•583!599 

•6226001 

•662601 


25-000:635i 
•040,636 
•079:637 
•119'638 
•158639 
•197640 
•237641 
•276  642 
•315  643 
•355  644 


•701 


602 


•741 '603 
•780:604 
•819|605 
•8591606 
•8981607 


•394645 
•433646 
•4731647 
•512:6481 


•551 


649 


•\5«\5m    -^mM    •9371608 

•\mm  -^"iiN^^v^  •^ll^^^ 


•590650! 

•630651 

•670,652 

•7l»l»'653 

•749]654 

•788^55 

•8276561 


\ 


\ 


AppauUx. 
Table  A.   (continued.) 


InchH  m 

Inchw. 

m. 

InchH  ImiI  ' 

Ini-hn.  |mi1, 

Inchc*. 

Mil 

li^ 

— 

i5-90e  Ii58 

3li-772 

27-839702 

28-504734 

39-371 

746 

30-2^7 

768 

■9451139 

■811 

m 

■678 

703 

-544  735 

■410 

747 

■276 

769 

■985  SSO 

-851 

■718 

704 

-583'726 

■449 

748 

-316 

770 

W-(946G1 

■891 

■767 

705 

■692737 

-489 

749 

-356 

771 

■063  062 

■931 

■796 

706 

■662,738 

■528 

750 

■394 

772 

■1036ti3 

■87( 

685 

707 

■701:739 

■B67 

751 

'433 

773 

■143  6S4 

27-Oin 

68b 

■875 

708 

■741730 

■607 

752 

'473 

774 

■182  8S3 

-049 

S87 

■915 

709 

■780|731 

■646 

763 

-612 

775 

■2216fifi 

■089 

688 

■954 

710 

■8191739 

■686 

75J 

•562 

776 

■3M  S67 

■188 

689 

■9B3 

711 

'859733 

■735 

755 

'591 

777 

■800  ses 

■167 

691 

38-032 

713 

■8981734 

■764 

756 

■3391)69 

■B06 

691 

■071 

713 

■937|735 

■801 

757 

'67017791 

'378  670 

■246 

-111 

714 

-97773H 

■843 

758 

■709 

780 

■418  671 

■885 

693 

■150 

715 

29-01  e!737 

■883 

759 

■749 

781 

■457  672 

■324 

694 

■189 

716 

-056738 

■S32 

760 

■788 

783 

•m  m 

-363 

695 

■229 

717 

'095  739 

■961 

761 

'S27 

783 

■S3e  S74 

■403 

696 

-368 

718 

■134'740 

30KMH) 

762 

■867 

784 

■575  B75 

■442 

697 

-308 

719 

■1741741 
-213742 

■040 

763 

■906 

785 

■615  576 

■482 

698 

-347 

720 

•079 

764 

'945 

786 

■654  W7 

■521 

-386 

731 

■?59,713 

■US 

765 

'986 

787 

■683  H78 

■560 

701 

-496 

732 

-29l!744 

■158 

706 

31'024 

■73;J  »79 

■600 

701 

-465 

[f 

■331J745 

■197 

767 

OU 

789 

Mil     MMr 

Mil 

Melr 

Mil.  Mm, 

Mil.    Moti. 

Mil  1  Melx 

480  3191-3 

370   418-5 

392 

878-5 

4141313-3 

436  1735 '6 

45'h21iV6 

m    44(M) 

393 

898-e 

116  1332-5 

437  1743-8 

4o92135'0 

4813507-9 
483  3534-3 

S72   461-5 

394 

919<l 

1161351-7 

43817621 

lH0,3la2'3 

373   483-9 

395 

939'3 

1171370-8 

439  1780-3 

4613169-6 

tW3:9u40'8 

374   501'2 

3W 

959-3 

1181389-9 

4401798-4 

162l3186'9 

375   625-4 

97fr4 

(191408-9 

441 1816-5 

1632304-1 

485 -J5  73-7 

999-6 

ISO  U37-0 

4421834-5 

164  2221 '3 

1862590'3 

377   667-* 

1019-6 

421 1446-8 

4431853-5 

1653238-1 

378  S88-9 

1039-4 

132  148S-7 

144  1870-4 

16822."ifl-5 

379   809-9 

1059-3 

aa  1484-6 

1451888-3 

167i2272-6 

489 

2639'3 

380   630-9 

40: 

1079-1 

1241503-4 

146  1906-3 

4682380-6 

191 

2635-4 

381   651-8 

40-d 

1098-9 

125:i  523-2 

147il921-0 

469 

191 

382"  672'7 

;4«4 

1118-6 

126:i540-8 

448!mi-8 

170 

192 

383   693'6 

405 

1138-3 

127  1559-5 

44911959-6 

471 

193 

2704-1 

384   714-3 

406 

1157-9 

138  15782 

1601977-3 

173 

194 

385   736'0 

107 

1177-5 

420,1596'8 

1511994-9 

173 

3374-3 

195 

S86   766'6 

408 

1197-1 

430161,S'3 

474 

196 

S87  7764 

109 

1216-6 

431 18338 

476>407-9 

476'2434-6 

197 

S8S   796-8 

110 

1338-0 

4331653'2 

154J2017'8 

198 

389   817'3 

411 

12.W-4 

433'ie70'6 

155'2065'3 

477,3441-3 

199 

390   837-H 

413 

1274-8 

4341689-0 

456:2082'8 

4783458-0 

904 

2816-; 

391   858-3 

j413 

1394-1 

43fi  1707-3 

157'2100'2 

r 

i«VlQ 

\ 

Appmdix, 

[.K  B.  {conUiaiei.) 


S16 a(H7-S  E69 37895 


ilSS113-3SS8  3831-7 


S39  3I5»9  571 3SI8-7 


5SS  3004-3 

t  MI8-6  BOl  laei . 

IS633-0  303UH-7 

-     8034807-9 

K»,.r~» .  KM  4381-1 

957  3B7»«  MS  4334 

uisatw^  — '-■- 


S7M-6 


;«l34Sg-S58d41£0'8 


3473-3 
3487-" 
3503-5 


eil)^4399-g 
611  4419-8 
S13  44S5-9 
6134438-9 
446)'9 

1 4464-8 

8181477-7 


8)74490-7  8855087-3 


847  4868-7  OBS  5438-7  743  WiV 

848  488!-{)'6»6i46(M 


B4S4803-; 


S5U  4005-6  '698  M72-9  7461 
8514917-8  6»9S484-3 

700  5495-7 

701  5507-1 
709  5518-4 

703  5589-8 

704  S541-1 

705  iS52-4 

706  Jfi63-7 

I 707  5575-0 

6805027-2  70Bi586'3 


8564978-7 
8574990-9 
858  5003-0 


61845(3' 
8194516'. 
830  4539-3 
6il  1513-1 

!45S4-S 
11567-7 
I4SSD-5 
i  1593-2 

_.j  isoe-0 

S374S18-7 
828 1631 

6^4614 


6314669-3 
6334682-0 
6331694'5 
G31 4707'1 

.17197 
.14  322 
8374744  7 


'5*^-3 
051-2 


!697  54615 


673  5182-5 

51!)4-3 
5206' 1 
jai7-9 
5239-7 


.  5288-3 ,730  5829-9 

I  530OHJ  [731  5810-t> 

68153118  732   8517 

•>85  5383  3  733  3862  a 


709  S597-a 

710  5608-7 

711  5619-9 
I712  5»J31-1 
713  56^-2 

~  1  5653-4 
,  ,J  5684-6 

716  5675-71 

717  5686-8 

718  3697-9 

719  5709-0 
730  5730-1 
"-'  5731-1 

5748-1 


i753- 


...5761-2 

735  5775-1 

..  .7265786-1  , 

» 5333-2  727  5797-i;r*.nwwj 

„.  J  5264-9;  728  i808-o!  7766316-5 
;681  5376'fl;1739  58I9-0|  77;l6326-7 


7716 


778^6337 -C 
77»«347-i 
78»«3o7-4 
781S3S7-« 
Bt^*  782,6377-B 
•*81  2  7tU|638»fl 
■<•»  1178463983 
"  9  78.  W083 
III  7  786MI8-£ 
'  7'^76l2*fl 
71N8138  7 


.2  64548441693^415  7  741    ^4^78*14^488 
.afii(Mift&6*'694!fiU7  2lJJ4Jb959-  |,J«|M58-9 


Oet. 

M*.. 

D.,,  IM*.. 

Dei.  |k««- 

D<«. 

Mem. 

Deg. 

M««. 

0-a 

fiH 

m 

Ifrl 

lK-i» 

)7<« 

Ifi-fl 

"■4 

IWi 

4-4 

fi-.l 

H-4 

12-4 

ls!4 

IJW 

l«-4 

W-l 

iH 

4Mf 

!    4-B 

frH 

H-« 

IM 

)S!-«I 

1*5 

Tfi-6 

a4-4 

ll-M 

la 

4-R 

71 

frfl 

12-9 

I«-#i 

Itfrtt 

IfrH 

34-7 

10 

IS 

1    IHI 

/■4 

JM) 

13^ 

I3^l 

1»1 

17-0 

35-0 

!■« 

I-R 

fl-« 

7-« 

ff-W 

13-i 

w-a 

li»-4 

i7-« 

25-3 

a-i 

fi4 

V9 

9-4- 

1»+* 

i;i-4 

>9-7 

17-4 

3S-8 

I'ft 

«■;( 

S-ti 

s-it 

»«    14-1 

1.1-H 

Itl^t* 

17-H 

35-9 

1-K 

!(■« 

1     fl-« 

M-ft 

»-8.14'4 

i:t-K 

I7'M 

2S-2 

K-tt 

mi 

H-M 

U-K 

*►« 

\m 

36-5 

«■? 

t>'l 

lfr» 

ino 

Uf 

!fll"» 

IH-H 

20-B 

3-fi 

fM 

9-4 

1F^4 

14-4 

■(lit 

IK'4 

a-fi 

;i-K 

frK 

9-7 

1(M5 

I5fi 

U-ff 

a  1-5 

IH-fi 

27-4 

2-8 

41 

»m 

1(V0 

1<M 

lii-S 

14'» 

ai-s 

m-« 

37-7 

.■Ht 

4-4 

?■<» 

10-3 

Il-« 

!«-« 

15-0 

3a-t 

19-0 

tW-0 

3-» 

4-7 

7-2 

HHS 

ii-a 

ItMi 

1.V3 

»a-4 

is*-a 

28-3 

;i-4 

5-1) 

7-4 

lt»-il 

11* 

Iti-H 

lh-4 

22-7 

l!t-4 

38-5 

.1-t{ 

h-a 

7'fi 

n-2 

ll-fi 

171 

1S'6 

as-fl 

\<tH 

28-8 

.'■■« 

7-« 

ll'.S 

IIH 

17-4 

Ih-M 

v.:\-A 

IH-H 

29'1 

■1-(J 

5a 

H-ll 

HM 

I2<l 

I7« 

16-0 

aa-i 

pr 

0" 

„• 

10= 

la= 

20" 

25= 

1* 

0" 

5° 

10= 

15= 

30° 

B6= 

IN 

1-3 

1i( 

i-it 

1-0 

1-0 

HI 

320n 

19^1 

ih'a 

18-7 

IM 

U-O 

\t-7 

IH 

2-4 

«-4 

2-4 

a-2 

■t-tt 

i!-U 

Hm 

fll-.'i 

HI-3 

)<0-l 

l!Kt 

IS-4 

Iflfl 

tM 

:t'4 

a4 

a-4 

;i-a 

;wi 

3-8 

»(>()( 

21 '8 

fl-7 

11-4 

■OK 

!!»■« 

tR-0 

IM 

J-S 

4-5 

4':. 

4-3 

4-1 

3-M 

■Mm 

«;(■! 

iN-lt 

■iW-li 

■.ir-H 

WI'O 

l!H 

IH 

S-7 

S7 

57 

.".■il 

fii 

4-8 

4m 

M-« 

14  4 

UW-H 

Hm 

WW 

M 

7-(l 

7'<l 

fi-H 

H-4 

(HI 

fi-8 

im 

W-H 

■^5';i 

M-;i 

-SHI 

il-K 

H-fl 

7-H 

71 

li-7 

14IN 

!7-.'i 

!7-3 

J(r8 

Jfi'K 

^t-;t 

VMi 

H-M 

H-0 

H-M 

4lilll 

•M-» 

9H-- 

'7'l 

K'-H 

n-H 

IN 

Ilh4 

I0>« 

H-H 

»-4 

H-H 

VH 

10-H 

ji).(i 

'M-4 

'l-it 

•nh-a 

IM 

11  (i 

II'.'. 

!]■;< 

IH! 

10-4 

«-(i 

5(«H 

A\-H 

ll-fi 

."l^ 

W-4 

IN 

IMIt 

IH-« 

IHI 

ir-4 

lO'fi 

5MIM 

■Vi-I> 

ffl-M 

110 

28-0 

IN 

I4-(I 

i;(-H 

\na 

1-^-S 

I1-6 

n4<N 

ua 

14-1 

tJ.J 

w, 

(N 

l.'i-l! 

iri-n 

I5-0 

t4-4 

l2-el'5601l 

IM 

IK-K 

iii-n 

ii;-4 

IS'fi 

a\-9.k 

IM 

"* 

17-7 

"•• 

'"■" 

15-S 

14-6 

^6«00 

r 

^^ 

^v. 

1*' 

r 

^fc 

Table  D.  (eonOmttd.) 


^m 

30= 

3E° 

40° 

45° 

50° 

55° 

'^' 

30° 

35° 

40° 

45° 

50° 

55° 

~ 

~ 

~^ 

~ 

~^ 

~TfU 

~ 

"inT 

~ 

~ 

~ 

~^ 

soo 

0-B 

0-S 

0-6 

0-B 

0-6 

0-4 

3200 

14-6 

13-i 

115 

10-1 

8-6 

7-0 

m 

1-8 

1-7 

1-4 

1-2 

1-0 

0-8 

3400 

15-7 

Ul 

]a4 

109 

9-2 

7-7 

600 

2-6 

24 

20 

1-8 

1-6 

1-2 

360Q 

lG-7 

150 

13-4 

11-6 

9-8 

8-a 

80tf 

3-5 

31 

2'B 

2-4 

20 

1-7 

3S00 

17-7 

15-9 

14-3 

124 

10-5 

8-7 

1000 

4-3 

3-8 

34 

31 

2-6 

2-3 

40O0 

18-7 

17-0 

lS-1 

131 

II-2 

9-4 

1200 

B-1 

4-6 

4-2 

3'6 

3-1 

3-6 

4300 

19-9 

18-0 

lS-9 

14-0 

12-0 

lO-l 

140* 

61 

5-4 

4-8 

42 

3-6 

3-0 

440O 

SM 

19-1 

16-9 

lfi-0 

12-9 

10-8 

1600 

70 

6-2 

5-6 

4'8 

4-1 

3-4 

46oq 

22'3 

30'3 

ISO 

15-9 

13-6 

n-s 

ISOO 

S-0 

7-0 

5-4 

4-6 

3-S 

4800 

23-4 

21-3 

19-0 

16-7 

14-3 

12-1 

woo 

8-8 

7-8 

7-0 

«-0 

M 

4-3 

5000 

34-6 

22-3 

19-9 

17-4 

15-0 

12-7 

i200 

9-7 

8'6 

7-6 

6-6 

5-6 

4-0 

5300 

25-7 

23-3 

20-8 

18-2  15-? 

13-S 

MOO 

10-6 

6-4 

S-4 

7-3 

e-1 

S-] 

5400 

30-7 

24-3 

217 

ld-1 

16-4 

13-9 

2600 

11 '6 

lO'S 

S-2 

8-0 

8-8 

5-6 

5600 

27-8 

25-3 

i2-6 

19-9 

17-2 

14-5 

iSOO 

12-6 

11-4 

100 

7-4 

6-2 

5800 

2B-9 

96-3 

236 

20-7 

17-8 

15't 

BOOO 

I3'fi 

12-2 

10-8 

9-4 

8-0 

fi-fi 

6000 

30-0 

37-3 

24-6 

21 -S 

18-5 

15-; 

* 

M(U«. 

» 

MeUB. 

400 

1-71 

600 

0-63 

460 

1-39 

650 

042 

500 

111 

700 

0-23 

550 

0-S6 

750 

003 

Let,  for  example,  the  height  of  the  bitrometer  at  the  lower 
station  be  =  600  millimetres ;  the  difference  of  level  =  1500 
metres,  we  have  1000  :  0-63  7=  ISUO  :  0-95,  and  the  difference  of 
the  level  corrected  =  1500-9  metres.  Thii  coirection  b  alwara 
added. 


Appendix. 

Table  F. 
Reduction  of  Metres  into  English  Feet  and  Inches. 


553 


Metr. 


Feet.     Inches. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

20 

30 

40 


3 

6 

9 

13 

16 

19 

22 

26 

29 

32 

65 

98 

131 


3-370 
6-740 

10-111 
1-481 
4-851 
8-222 

11-592 
2-963 
6-333 
9-702 
7-405 
5-108 
2-811 


Metr. 


50 

60 

70 

80 

90 

100 

200 

300 

400 

500 

600 

700 

800 


Feet.     Inches. 


164 

196 

229 

262 

295 

328 

656 

984 

1312 

1640 

1968 

2296 

2624 


0-514 
10-217 
7-920 
5-623 
3-326 
1-029 
2-058 
3-087 
4-116 
5-145 
6-174 
7-203 
8-232 


Metr. 


Feet.     Inches. 


900 
1000 
2000 
3000 
4000 
50001 
6000 
7000 
8000 
9000 
10000 


2952 

3280 

6561 

9842 

13123 

16404 

196.85 

22966 

•26246 

29527 

32808 


9-261 
10-290 
8-58 
6-87 
5-16 
3-45 
1-74 
0-03 
10-32 
8-61 
6-90 


Reduction  of  Decimetres,  Centimetres,  and  Millimetres,  to 

English  Inches. 


Dec. 

Inches. 

Cent. 

Inches. 

Milli. 

Inches. 

1 

3-937 

1 

0-393 

1 

0*039 

2 

7-874 

2 

0-787 

2 

0-078 

3 

11-811 

3 

1181 

3 

0-118 

4 

15-748 

4 

1-574 

4 

0-157 

5 

19-685 

5 

1-968 

5 

0-196 

6 

23-622 

6 

2-362 

6 

0-236 

7 

27-559 

7 

2-755 

7 

0-275 

8 

31-496 

8 

3-149 

8 

0-314 

9 

35-433 

9 

3-543 

9 

0-354 

10 

39-370 

10 

3-937 

10 

0-393 

H.     Comparison  of  English  and  French  Measures, 
(From  Baily's  Astronomical  Tables.) 


Eng.  Inches. 
French  Metre =  39-37079 

Toise «  76-739400 

Foot =  12-789900 

Inch =    1-065825 

Line =   0-088819 


Fr.  Metres. 

French  Toise =  1-949036 

Foot «^  0*324839 

Inch =0-027070 


English  Foot =0*304794 

Inch =0-025399 


I 


Constant  logarithms  (always  additive)  for  converting 


French  Toises  into  Met.  0-2898200 

Feet  into  Metr.   9-5116687 

T.  into  Eng,  Ft  0-8a58372l 

2 


French  Ft.  into  Eng.  Ft  0-0276860 
Met,  mto  ^ti%.^\-  ^V^^^Rfia 


B 
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Abel,  Dr.  Clarke,  on  the  bank  thrown  up  at  the  Cape  of  Good  Hope,  79. 

Aix  in  Provence,  supracretaceous  rocks  of,  226. 

Alps,  supracretaceous  rocks  of,  215;  cretaceous  rocks  of,  265;  oolitic 

rocks  of,  320;  lias  of,  322. 
Arago,  M.,  on  the  temperature  of  the  globe,  6. 
Arkose,  317,  390. 

Atchafalaya,  raft  of,  66 ;  section  of  the  alluvial  banks  o^  ib. 
Attraction,  local,  of  the  magnetic  needle,  renders  the  determination  of 

currents  doubtful,  101. 
Ava,  organic  remains  found  in  the  kingdom  of»  245. 

Baculite  limestone  of  Normandy,  269. 

Badku,  Caspian,  gaseous  exhalations  of,  141. 

Bagshot  sands,  240. 

Barometer,  Tables  for  calculating  heights  by,  546. 

Basaltic  dyke,  converting  chalk  into  granular  marble,  N.  of  Ireland,  255. 

Basin,  on  thetenn  as  applied  to  supracretaceous  deposits,  197 ;  of  Paris, 
228. 

Basins,  rock,  termed  Kettle  and  Pans,  St  Mary's,  Scilly,  43. 

Basterot,  M.  de,  on  the  supracretaceous  rocks  of  Bordeaux,  227. 

Beaches,  shingle,  72;  travel  in  the  direction  of  the  prevalent  winds,  73; 
bar  up  the  mouths  of  valleys,  forming  lakes,  74;  sandy,  77 ;  indu- 
rated, 78;  raised  at  Plymouth,  157;  raised  in  the  island  of  Jura, 
Hebrides,  159. 

Beaufort,  Capt,  on  under  currents  in  the  Mediterranean,  106 ;  on  the 
gaseous  exhalation  of  the  Yanar,  139;  on  a  consolidated  beach,  Kara- 
mania,  78. 

Beaumont,  M.  Elie  de,  on  the  erratic  blocks  (^  the  Alps,  175;  on  the 
gravels  of  the  Lyonais,  Dauphin^,  and  Provence,  200 ;  on  the  supra- 
cretaceous rocks  of  the  Pertuis  de  Mirabeau,  224;  on  epoch  of  the 
cretaceous  deposit,  267;  on  the  oolite  of  Burgundy,  312;  on  the  lias 
of  the  Alps,  321;  on  the  Grds  de  Vosges,  395;  on  the  elevation  of 
mountains,  513. 

Beechey,  Capt,  his  remarks  on  the  temperature  oi  the  sea,  23 ;  on  a 
coral  island  named  Henderson's  Island,  446. 

Bertrand  de  Done,  M.,  on  the  ossiferous  beds  of  the  Velay,  249. 

Bertrand-Geslin,  M.,  on  the  Val  d'Amo,  223. 

Beudant,  M.,  on  the  volcanic  rocks  of  Hungary,  254. 

Bigsby,  Dr.,  on  the  erratic  blocks  of  North  America,  173. 

Black  Head,  (Babbacombe  Bay,  Devon,}  on  the  trap  and  limeata\v«  <iC, 
496. 
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Boase,  Dr.,  on  the  submarine  forest  in  Mount's  Bay,  155. 

Boblaye,  M.,  on  the  course  of  the  Meuse,  54. 

Bore,  of  the  Ganges,  90;  of  the  Maranon,  t6. ;  of  the  Aruary,  91. 

Bovey  coal  deposit,  201. 

Bou6,  Dr.,  on  the  siedt  of  Wleficzka,  246 ;  on  the  volcanic  rocks  of  Tran- 
sylvania, 254 ;  on  Gosdu,  257  ;  on  the  carboniferous  rocks  of  Scotland, 
434. 

Breakers,  force  of,  on  coasts,  75. 

Brongniart,  M.  Al.,  on  the  raised  mass  of  shells  at  Uddevalla,  160 ;  on 
the  erratic  blocks  of  Sweden,  172;  on  the  Vicendne,  252;  oothe 
Diablerets,  257  ;  on  the  rocks  of  the  Cotentin,  475. 

Brongniart,  M.  Ad.,  his  remarks  on  the  plants  of  the  coal-measures,  445. 

Such,  M.  Von,  his  theory  of  craters  of  elevation,  115  ;  on  the  oolite  of 
Germany,  315;  on  dolomite,  506. 

Buckland,  Dr.,  on  the  erratic  blocks  of  Durham,  169 ;  on  the  organic  n- 
mains  at  Eschscholtz  bay,  180 ;  on  Kirkdale  Cavern,  184 ;  on  the 
German  caves,  185 ;  on  the  plastic  clay  of  Woolwich,  236;  on  themag^ 
nesian  conglomerate  of  Somerset,  406. 

Cachin,  M.,  on  the  action  of  waves  on  the  Digue,  Cherbourg',  81. 

Calcaire  grossier,  229. 

Caldera,  Isle  of  Palma,  Canaries,  118. 

Cantal,  fresh-water  limestones  of,  247. 

Carboniferous  limestone,  420 ;  remarkable  fossils  of,  448. 

Carboniferous  rocks,  of  Thuringia,  430 ;  of  Southern  England,  of  Central 
and  Northern  England,  431 ;  of  Scotland,  433;  of  Ireland,  435;  of 
Belgium  and  the  North  of  France,  ib, ;  of  Germany,  436 ;  of  Poland, 
437 ;  of  the  United  States,  438  ;  general  remarks  on,  439 ;  of  Central 
France,  442. 

Carne,  Mr.,  on  the  metaliferous  veins  of  Cornwall,  522. 

Caspian  Sea,  depression  of  land  around,  3. 

Caverns,  ossiferous,  181;  on  the  manner  in  which  bdhea  may  occur  in, 
ib.;  of  Kirkdale,  184;  of  Germany,  185;  of  Kent's  Hole,  186;  of 
Echenoz,  t&. ;  ofFouvent,  187;  of  Chockier,  191. 

Cavities,  singular,  produced  during  earthquakes,  136. 

Chalk,  probable  zoological  passage  of,  into  supracretaceous  rocks,  256; 
analysis  of  that  of  Meudon,  259. 

Chesil  Bank,  Isle  of  Portland,  73. 

China,  gaseous  exhalations  in,  140. 

Clefts  of  rocks,  organic  remains  in,  at  Plymouth,  164. 

Cliffs,  destruction  of,  by  land-springs,  46. 

Climate,  change  of,  in  Europe,  1 94. 

Coal-measures,  413. 

Come,  limestones  of  the  lake  of,  324. 
'Condamine,  M.  de  la,  on  the  bore  and  currents  of  the  Maranon,  91. 

Conybeare,  Mr.,  on  the  superficial  gravel  and  erratic  blo<^  of  Central 
England,  169;  on  the  English  oolites,  311 ;  on  the  magneaian  con- 
glomerate of  Somerset,  406. 

Coral  reefs  and  islands,  149;  coral  beds  between  lava  currents,  151; 

corals  adhere  to  so\id  svibataxvcea  'w\«.xv  Itt^  VwnkftTi  off^  ib. 
Cordier,  M.,  on  the  intenot  \ie%\.  olVJaa  ^o\i^,  *l. 
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Correa  de  Serra,  on  the  submarine  forests  of  Lincolnshire,  152. 

Crag  of  Norfolk,  208. 

Craufurd,  Mr.,  organic  remains  discovered  in  Ava  by,  245. 

Cretaceous  rocks,  general  characters  of,  in  England  and  Northern  Franee, 

261 ;  in  Sweden,  262 ;  in  Russia  and  Poland,  ib, ;  in  the  Alps,  264; 

general  remarks  on,  ib.;  of  Southern  France,  266;  of  Weinbohla, 

267;  more  remarkable  fossils  of,  297;  of  America,  300;  ofStevens- 

klint,  541. 
Cristie,   Dr.  Tumbull,  on  tabasheer,  194;  on  the  ossiferous  caverns  of 

Sicily,  189. 
Croiset,  M.,  on  the  ossiferous  beds  of  Auvergne,  248. 
Current,  great  Atlantic,  91 ;  round  Cape  Lagullas,  92 ;   Polar,  95 ;   of 

the  Straits  of  Gibraltar,  97 ;  through  Behring's  Straits,  ib.;  out  of  the 

Baltic,  99. 
Currents  in  the  West  Indies,  93  ;  of  the  Pacific,  96 ;  in  the  Indian  and 

Chinese  seas,  99  ;  their  general  accuracy  doubtful,  100 ;  transporting 

power  of,  104. 
Cuvier,  Baron,  on  the  Dunes  of  South  Western  France,  78 ;  labours  of, 

round  Paris,   192. 

Daubeny,  Dr.,  on  the  heat  and  appearances  of  a  lava  current,  109;  on 

the  gases  evolved  from  the  Solfatara,  124;  on  the  lava  of  Auvergne, 

126  ;  on  the  Euganean  hills,  251. 
Delta,  of  the  Nile,  64 ;  of  the  Po,  65 ;  of  the  Mississippi,  66 ;  of  the 

Ganges,  68. 
Deltas,  manner  of  the  increase  of,  69. 
Deposits,  modern,  in  the  lake  of  Geneva,  49  ;  in  the  lake  of  Como,  ib. ; 

calcareous,  at  Vignone  and  San  Filippo,  144. 
Desnoyers,  M.,  on  the  more  modern  supracretaceous  rocks,  204;  on  the 

baculite  limestone  of  Normandy,  269. 
Detritus,  delivery  of,  into  the  sea,  62. 
Diallage  rock,  487;  of  Liguria,  498. 
Dirt  bed  of  Portland,  considerations  respecting,  305. 
Dolomite,  remarks  on,  506. 
Dufrenoy,  M.,  on  the   chalk  of  the  Pyrenees,  266 ;   on  the  oolite  of 

Southern  France,  313. 
Dunes,  advance  of,  78 ;  indurated,  79. 
Dykes,  volcanic,  128 ;  basaltic,  converting  chalk  into  granular  marble, 

N.  of  Ireland,  255. 

Earth,  figure  o^  1 ;  density  of,  ib. ;  temperature  of,  5. 

Earthquake,  of  Lisbon,  130;  of  Jamaica,  133,  542. 

Earthquakes,  130;  Alt  at  great  distances,  ib,;  shocks  of,  on  difl*erent 
rodcs,  131. 

Elephant,  frozen,  of  Siberia,  179. 

Elevation  of  mountains,  511. 

Ellis,  Mr.,  on  the  crater  of  Kirauea,  Owhyhee,  113. 

Erratic  blocks,  of  Northern  and  Central  England,  169 ;  of  the  Shetland 
Isles,  171;  of  Sweden,  Russia,  and  Germany,  172  ;  of  North  Amft.*- 
rica,  173;  of  the  Alps,  174;  of  the  lake  oi  Como,  Vl^« 
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Euganean  Hills,  251. 
Eurite,  481. 

Faults,  at  Dawlish,  166  ;  act  as  Artesian  wtUs,  414. 

Fitton,  Dr.,  on  the  Maestricht  beds,  257  ;  on  the  lower  cretaceous  rodi, 

260 ;  on  the  Wealden  rocks,  302. 
Fleming,  Dr.,  on  the  submarine  forests  m  the  Frith  of  Forth,  153. 
Fleuriau  de  Bellevue,  M.,  on  an  Artesian  well  at  Rochelle,  12. 
Flounders  in  a  natural  fresh- water  lake,  75. 
Forests,  submarine,  151. 
Freshes,  or  freshets,  of  rivers,  59. 
Fourier,  Baron,  on  the  central  heat  of  the  globe,  24. 
Fresh-water  formations  of  the  Isle  of  Wight,  241. 
Fuchsel,  M.,  his  geological  researches,  192. 
Fundy,  Bay  of,  great  tides  in,  86. 

Gaseous  exhalations,  139. 

Gault,  260. 

Geological  terms,  explanation  of,  525. 

Georges-Gemund,  and  Friedrichsgemund,  curious  mixture   of  animl 

remains  at,  207. 
Geysers,  eruptions  of,  19. 
Glaciers,  60 ;  advance  of,  ib. 
Globe,  changes  on  the  surfisu:e  of  the,  32. 
Gneiss,  481. 
Gorges  and  ravines,  28 ;  gorges  cut  by  the  drainage  waters  of  lakei. 

52 ;  Cliflon  gorge,  near  Bristol,  54. 
Gosau,  valley  of,  256. 

Gosse,  Dr.,  on  the  baths  of  Vignone  and  San  Filippo,  144. 
Granite,  486 ;  veins  of,  491 ;  superposition  o^  in  the  Alps,  490 ;  restiog 

on  chalk  at  Weinbohia,  267. 
Gravel,   superficial,  in  Devonshire,  165;    in  Central  England,   169; 

rounded  in  caves,  186,  187. 
Grauwacke,  449 ;  arrangement  of  the  laminse  in  the  dates  of  the,  460; 

remarks  on  the  limestones  of  the,  451;   red,  453  ;  remarks  on  the 

organic  remains  of,  468. 
Green  sand,  upper,  260  ;  analysis  of  green  grains  in,  ib.;  lower,  261. 
Greenstone  and  other  trappean  rocks,  487. 
Grds  de  Vosges,  395, 

Group,  modern,  40 ;  erratic  block,  164;  supracretaceous,  192;   creta- 
ceous, 259;   oolitic,  311;  red  sandstone,  390;    carboniferotts,  413: 

grauwacke,  449 ;   lowest  fossiliferous,  474. 
Gulf  stream,  93.  * 

Gypsum,  ossiferous,  of  Paris,  231. 

Hall,  Sir  James,  on  the  transported  gravel  near  Edinburgh,  171;  on  the 

fusion  of  limestone  beneath  pressure,  497. 
Hall,  Capt  Basil,  his  plan  for  ships'  tracks  on  charts,  101. 
Harris,  Mr.,  on  the  UocVls  tqon^^  dx«\ti%  ^ea  at  this  Breakwater,  Ply- 
mouth, 75. 
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Hastings  sands,  303. 

Heat,  source  of,  in  thermal  springs,  15. 

Hebrides,  submarine  forests  of,  154;  oolite  of,  314. 

Hennah,  Mr.,  organic  remains  from  the  Plymouth  limestones,  468. 

Hibbert,  Dr.,  on  the  erratic  blocks  of  Shetland,  171;  on  the  roeks  of 

the  Velay,  250;  on  the  passage  of  granite  into  basalt,  489. 
Hitchcock,  Mr.,  on  the  carboniferous  deposits  of  Connecticut,  438. 
Hoffman,  M.,  on  the  valley  of  Pyrmont,  30,  146;  on  the  coal-measures 

of  Thuringia,  430. 
Hooke,  Dr.,  on  inclined  strata,  and  land  raised  by  earthquakes,  193. 
Hornblende  rock  and  slate,  480. 

Horner,  Mr.,  on  the  submarine  forest  of  Somersetshire,  155. 
Hugi,  M.,  on  granite  resting  on  lias  in  the  Alps,  490. 
Humboldt,  M.  von,  on  the  perpetual  snow-line  on  various  mountains, 

26 ;  on  the  temperature  of  the  atmosphere,  ib. ;  on  shocks  of  earthquakes 

in  the  Cordilleras,  132 ;  on  the  red  sandstone  of  America,  410. 
Hurricanes,  137. 

Iceland,  springs  of,  19;  volcanos  of,  109;  deposits  from  springs  in, 

142. 
Igneous  rocks,  remarks  on,  500. 
Inferior  stratified  rocks,  general  remarks  on,  482. 
Insects,  fossil,  in  the  supracretaceous  rocks  of  Aix  in  Provence,  226 ;  at 

Solenhofen,  386. 
Jobert,  M.,  on  the  ossiferous  rocks  of  Auvergne,  248. 
JoruUo,  sudden  elevation  and  formation  of,  118. 

Ksepfnach,  animal  remdns  in  the  lignite  of,  218. 

Klipstein,  M.,  on  the  phsenomena  observable  at  Weinbofala,  268. 

Kup£fer,  Pro£,  on  the  temperature  of  springs,  13. 

Lakes,  barriers  of,  cut  through,  48 ;  arrest  the  transport  of  detritus,  ib,; 
Swiss,  217. 

Land,  dry,  superficial  distribution  of,  2;  degradation  of,  40;  rise  and 
depression  of,  by  earthquakes,  132. 

Lias,  considerations  on  the,  317;  organic  character  of  the,  at  Lyme 
Regis,  387;  lias  sandstone,  392. 

Life,  early  animal,  remarks  on,  476. 

Limestone,  saccharine,  481. 

London  clay,  237. 

Lyell,  Mr.,  on  the  decrease  of  surface  temperature,  7 ;  on  the  gorge  cut  by 
the  Simeto,  52  ;  on  a  salt  deposit  in  the  Mediterranean,  97 ;  on  cra- 
ters of  elevation,  117;  on  sur&ce  changes  produced  by  earUiquakes, 
133;  on  the  Bakie  Loch,  147 ;  on  the  temple  of  Serapis,  162;  on 
the  transport  of  erratic  blocks,  173  ;  on  the  evidences  of  a  change  of 
dimate,  194;  on  the  supracretaceous  rocks  of  Aix  in  Provence,  226 ; 
on  the  Hordwell  beds,  242 ;  on  the  fresh- water  limestones  c^  the 
Cantal,  247  ;  on  a  serpentine  dyke,  Forfarshire,  498. 

Macculloch,  Dr.,  on  the  Tors  of  Dev<m.  on^i  CoT«:«iiSSL>  ^^\  ool  cpaBfcv 
rock,  480}  on  trappean  rocks,  4S7  ;  on  tSafe  \x«s^«sA.  iRsc^NSoaBW 
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Clunie,  Perthshire,  497 ;  on  hornblende  rock,  480 ;  on  the  lerpeo- 
tine  and  diallage  rocks  of  the  Scottish  Isles,  484. 

Magillivray,  Mr.,  on  comminuted  sea  shells  thrown  up  in  the  He- 
brides, 80. 

Maestricht  beds,  257. 

Mangrove  trees,  accumulation  of  land  by  means  of,  83. 

Marcet,  Dr.,  experiments  on  sea  water,  3,  22. 

Marine  animal  remains,  variations  in,  200. 

Marmora,  M.  de  la,  on  the  subfossil  shells  with  pottery,  in  Sardinia,  161 ; 
on  the  supraci'etaceous  rocks  of  Sardinia,  223. 

Measures,  comparison  of  English  and  French,  553. 

Mediterranean  divided  into  basins,  98. 

Metals,  occurrence  of  in  rocks,  521. 

Meyer,  M.,  on  the  mixture  of  animal  remuns  at  Friedricksgemund  and 
Eppelsheim,  208. 

Michael,  St,  Azores,  deposits  from  springs  in,  143. 

Mineralogical  differences  in  contemporaneous  rocks,  505. 

Mineral  volcanic  products,  126. 

Mines,  temperature  of,  7  )  sources  of  error  respecting  the  heat  of^  8. 

Monte  San  Primo,  erratic  blocks  on,  175. 

Morton,  Dr.,  on  the  supracretaceous  rocks  of  the  United  States,  245 ;  oa 
the  cretaceous  rocks  of  the  United  States,  300. 

Mountains,  fall  of,  45. 

Murchison,  Mr.,  on  the  organic  remains  discovered  at  Georges^Gemund, 
207;  on  the  supracretaceous  rocks  of  the  Austrian  and  Bavarian  Alps, 
219 ;  on  the  supracretaceous  rocks  of  Styria,  ib. ;  on  the  supracretaceous 
rocks  of  Aix  in  Provence,  226;  on  the  fresh-water  limestone  of  the 
Cantal,  247  ;  on  Gosau,  256 ;  on  the  oolite  of  Scotland,  314 ;  on  the 
oolite  of  Germany,  315  ;  on  the  granite  and  limestone  of  Caithness, 
491. 

Muschelkalk,  393. 

Naphtha  and  asphaltum  springs,  148. 

Naumann,  Prof.,  on  granite  cutting  through  chalk,  268. 

Necker  de  Saussure,  Prof.,  on  the  volcanic  dykes  of  Monte  Somma,  128; 

on  the  rocks  of  the  Buet  and  Vallorsine,  322. 
Niagara,  falls  of,  54 ;  manner  In  which  they  are  cut  back,  55  ;  if  cat 

back  to  Lake  Erie  would  not  cause  a  debacle,  ih, 
Nice,  osseous  breccia  of,  188  ;  on  the  supracretaceous  rocks  of,  211. 
Nilsson,  M.,  on  the  cretaceous  rocks  of  Sweden,  262. 

Old  red  sandstone,  429. 

Oltraann,  M.,  his  tables  for  calculating  heights  by  the  barometer,  546. 
Oolitic  rocks,  of  England,  311 ;  of  Normandy,  the  North  of  France,  and 
Burgundy,  312;  of  the  Haute  Saone,  ih. ;  of  the  South  of  France,  313 ; 
of  Scotland,   314;    of  Germany,  315;  considerations  on,  317;  of 
Poland,  319 ;  of  the  Alps,  320  ;  general  remarks  on  the  organic  re- 
mains of,  380. 
Organic  remains  of  t\ie  mo^ettv  ^ou^^  \^*l  ^  m  the  superficial  gravels, 
173 ;  of  the  mote  modem  &\K^T«Jci^XaRftW»  toO^a,  *iWb\  <jJl  ^fiajt  cxt& 
20H ;  of  the  Swiss  moUaw,  ^V^  \  ol  «aftN^  ^  kros^  *ia.^.x  t^'^w 


Indext  56t 

pracretaceous  rocks  of  Aix  in  Provence,  226  ;  of  the  Parisian  plastie 
clay,  229  ;  of  the  calcaire  grossier,  230 ;  of  the  ossiferous  gypsum  of 
Paris,  231 ;  of  the  upper  marine  sands  of  Paris,  232 ;  of  the  upper 
fresh- water  formation  of  Paris,  ib. ;  of  the  English  plastic  clay,  236 } 
of  London  clay,  238 ;  of  the  fresh- water  formations  of  the  Isle  of 
Wight  and  Hampshire,  241,  242;  of  India,  245  ;  of  the  supracreta- 
ceous  rocks  of  the  United  States,  246  ;  in  the  fresh -water  limestones  of 
the  Cantal,  247  ;  in  the  ossiferous  beds  of  Auvergne,  248  ;  in  the  V»- 
lay,  249 ;  at  Cussac,  250 ;  of  the  Vicentine,  252 ;  of  the  cretaceous 
rocks,  270;  of  the  cretaceous  rocks  of  America,  301 ;  of  the  Wealden 
rocks  of  England,  303  ;  vegetable,  in  the  Alps,  321 ;  of  the  La  Spezia 
limestones,  326 ;  of  the  oolitic  rocks,  331 ;  of  the  red  or  variegated 
marls,  391;  of  the  lias  sandstone,  392;  of  the  muschelkalk,  393 ;  of 
the  red  or  variegated  sandstone,  396 ;  of  the  zechstein  and  copper 
slate,  398 ;  of  the  coal-measures,  415 ;  of  the  carboniferous  lime- 
stone, 421;  of  the  grauwacke,  455;  of  the  supracretaceous  rocks  of 
the  South  of  France,  526 ;  of  the  Bordeaux  district,  535 ;  of  Steven- 
sklint,  541. 

Osseous  breccia,  of  Nice,   188 ;  of  Sardinia,  189 ;  of  Sicily,  ib, ;   of 
Australia,  190. 

Ossiferous  beds  of  Auvergne,  248 ;  of  the  Velay,  249 ;  of  Cussac,  250* 

Papandayang,  the  sudden  disappearance  of,  124. 

Paris,  on  the  formation  of  the  supracretaceous  rocks  of,  233. 

Paris,  Dr.,  on  the  recent  sandstone  of  Cornwall,  78. 

Pentland,  Mr.,  on  the  bones  in  the  osseous  breccia  of  Australia,  191 ;  on 

fosdl  animals'found  in  India,  245. 
Phillips,  Mr.  J.,  on  the  submarine  forests  and  lacustrine  deposits  in  York- 
shire, 152;  on  the  erratic  blocks  and  gravel  of  Yorkshire,  170;  on 

the  oolite  of  Yorkshire,  311. 
Plants,  fossil,  in  the  Alps,  321. 
Plastic  clay,  of  Paris,  228  ;  of  England,  235. 
Pratt,  Mr.,  on  the  terrestrial  animals  in  the  fresh-water  rocks,  Binstead, 

Isle  of  Wight,  241. 
Products,  mineral  volcanic,  126. 
Pterodactyles,  occurrence  of  insects  with,  387. 
Purbeckbeds,  303. 
Pusch,  Prof.,  on  the  erratic  blocks  of  Poland  and  Prussia,  172 ;  on  the 

cretaceous  rocks  of  Russia,  262;  on  the  same  rocks  of  Poland,  263; 

on  the  Wealden  rocks  of  Poland,  309 ;  on  the  carboniferous  rocks  of 

Poland,  437. 
Pyrmont,  valley  of,  30 ;  analysis  of  the  waters  of,  146. 

Quartz  rock,  480. 

Quoy  and  Gsumard,  MM.,  on  coral  ree&  and  islands,  149. 

Raffles,  Sir  Stamford,  on  the  eruption  from  Tomboro,  Sumbawa,  119. 
Rasoumovski,  Count,  on  the  erratic  blocks  of  Russia,  172. 
Red  or  variegated  sandstone  (new  red  sandstone),  395. 
Red  sandstone,  of  Devonshire,  401 ;  genei«\  temaxY&  wv,  ^^\.\  tilKso&* 
rica,  410;  of  Jamaica^  411, 
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Rennell,  Major,  on  the  bore  of  the  Ganges,  90 ;  on  the  delta  of  the 

Ganges,  68. 
Rhine,  volcanic  rocks  near  the,  126,  254. 
Rhinoceros,  frozen,  of  the  Wiliyi,  180. 
Rivers,  force  of  currents  in,  46 ;  transport  of  substances,  47 ;   cutting 

power  of,  51;  freshets  of,  59;  deflected  from  their  courses  by  sea 

beaches,  82. 
Robert,  M.  on  the  ossiferous  beds  of  Cussac  and  Solilhac,  250, 
Rocks,  classification  of,  33. 
Ruffiberg  or  Rossberg,  slide  of  the,  45. 

Sabine,  Capt,  his  account  of  waters,  supposed  to  be  those  of  the  Mara- 
non  flowing  in  the  Atlantic,  89. 

SaltofWieliczka,  246. 

Sand,  transported,  77. 

Sands,  Slapton,  74. 

Sandstone,  recent,  of  Cornwall,  78  ;  recent,  containing  human  remains 
at  Guadaloupe,  79. 

Saussure,  M.  de,  ladder  of,  found  in  the  Mer  de  Glace,  61. 

Scott,  Mr.,  on  rocks  in  India,  245. 

Scrope,  Mr.  Foulett,  on  the  classification  of  mineral  volcanic  products,  127. 

Sea,  saltness  of,  3  ;   specific  gravity  of,  4. 

Sedgwick,  Pro£,  on  the  erratic  blocks  of  Northern  England,  169 ;  on  the 
supracretaceous  rocks  of  the  Austrian  and  Bavarian  Alps,  219;  on  the 
same  rocks  of  Styria,  ib, ;  on  the  Isle  of  Wight,  241 ;  on  Gosau,  256; 
on  the  (new)  red  sandstone  of  the  N.  of  England,  396  ;  on  the  mag- 
nesian  limestone  of  the  N.  of  England,  397 ;  on  the  carboniferous 
rocks  of  Central  and  Northern  England,  431 ;  on  the  granite  and  lime- 
stone of  Caithness,  491 ;  on  High  Teesdale,  494. 

Senhouse,  Capt,  on  the  eruption  which  produced  the  island  of  Sciacca, 
near  Sicily,  111. 

Serres,  M.  Marcel  de,  on  the  supracretaceous  rocks  of  Southern  France, 
221. 

Shelb,  raised  mass  of,  at  Uddevalla,  Sweden,  160 ;  subfossil,  of  Nice,  ib.; 
subfossil  of  Sardinia,   161. 

Sienna,  supracretaceous  rocks  between  Florence  and,  215. 

Smith,  Mr.  William,  his  identification  of  strata  by  organic  remains,  192. 

Smith,  Lieut-Col.  Hamilton,  on  coral  thrown   up  by  the  sea  during  a 
hurricane,  76. 

Smith,  Rev.  C,  on  the  submarine  forest  in  the  Hebrides,  154. 

Soundings  round  the  British  Islands,   104. 

Sowerby,  Mr.  G.  B.,  on  the  Isle  of  Wight,  241. 

Spezia,  la,  limestones  of,  325. 

Springs,  deposits  from,  142;  destruction  of  cliffs  by,  46. 

Strangways,  Mr.,  on  the  sudden  discharge  of  waters  from  Lake  Souvan- 
do,  58  ;  on  the  rapids  of  Imatra,  ib. 

Submarine  volcanic  eruptions,  110. 

Supracretaceous  rocks,  192  ;  volcanic  action  during  the  deposit  of,  247. 

Surface  of  the  globe,  changes  on  the,  32. 
^Switzerland,  supracretaceous  loeYa  ot,  ^\^. 
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Taylor,  Mr.  J.,  on  the  occurrence  of  metals  in  rocks,  522. 
Taylor,  Mr.  R.,  on  the  crag,  209. 

Temperature,  of  the  earth,  5 ;  superficial  decrease  of,  6 ;  of  mines,  7  ;  of 
Artesian  wells,  11;  of  springs,  13;  of  lakes,  21;  of  the  sea,  22;  of 
the  atmosphere,  25 ;  of  the  planetary  spaces,  ib, 
Terni,  falls  of,  145. 

Thermal  springs,  of  the  Himalaya,  16 ;  of  the  Alps,  17 ;  of  the  Py- 
renees, 17  ;  of  North  America,  ih,;  near  Macao,  18 ;  of  England,  ib, 
Thirria,  M.,  on  the  ossiferous  caves  of  the  Haute  Saone,  186 ;  on  the 
pisiform  iron  ore  of  the  Jura,  190 ;  on  the  oolite  of  the  Haute  Saone, 
312. 
Tides,  streams  of,  chiefly  felt  on  coasts,  84 ;  velocities  of,  85 ;  in  the 
English  Channel,  ib.;  in  the  Bristol  Channel,   86;  in  the  Bay  of 
Fundy,  ib. ;  in  the  Straits  oi  Gibraltar,  87 ;  in  rivers  and  estuaries, 
88  ;  in  the  Pentland  Frith,  ib.  ;  transporting  power  of,  102. 
Tillard,  Capt,  on  the  island  of  Sahrina,  110. 
Todtliegendes,  or  red  conglomerate,  400. 
Tomboro,  in  Sumbawa,  great  eruption  of,  119. 
Trappean  rocks,  487. 

Travertines,  at  San  Filippo,  144 ;  of  Tivoli,  146. 
Tuckey,  Capt,  on  the  mouth  of  the  Zaire  or  Congo,  83. 
Turner,  Dr.,  analysis  of  springs  in  India,  143  ;  analysis  of  organic  re- 
mains from  the  lias,  389 ;  analysis  of  fish  palates  from  the  carbonife- 
rous limestone  and  chalk,  448. 

Unstratified  rocks,  486. 

Val  d'Amo,  223. 

Val  de  Bagnes,  debacle  of  the,  56. 

Valleys,  mountain,  27  ;  lowland,  ib, ;  flat-bottomed,  28  ;  of  elevation, 

29  ;  of  denudation,  30. 
Variegated  or  red  marls,  390.  '^ 

Vegetation,  protection  afibrded  to  land  by,  195. 
Velay,  on  the  rocks  of  the,  249,  250. 
Vesuvius,  boiling  lava  in  the  crater  of,  123. 
Vetch,  Capt,  on  the  raised  beach.  Isle  of  Jura,  Hebrides,  159. 
Vicentine,  organic  remains  in,  252. 

Villeneuve,  M.  de,  on  the  carboniferous  rocks  of  Belgium,  436. 
Volcanic  explosions,  sound  of,  transmitted  through  rocks,  132. 
Volcanic  matter,  injection  of,  amid  stratified  rocks,  129. 
Volcanos,  active,  107;  in  Central  Asia,  108;   inland  in  America,  ib.s 

submarine,  producing  islands,  110;  in  and  around  the  Pacific,  114; 

of  the  Atlantic,  ib. ;  extinct,  124. 

Water,  destructive  power  of,  44 ;  passage  of  in  faults,  414. 

Watt,  Mr.  Gregory,  his  experiments  on  fused  basalt,  502. 

Watt,  Mr.,  on  the  submarine  forest  in  Orkney,  154. 

Waves,  depth  of  the  action  of,  81 ;  produced  by  earthquakes,  130. 

Wealdenclay,  302. 

Wealden  rocks  of  the  continent  of  Europe,  SQt. 
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Weathering  of  the  slate  rocks,  &c  South  Devon,  41. 

Weaver,  Mr.,  on  the  carboniferous  rocks,  430;  on  the  carboniferous 
rocks  of  Irehind,  435 ;  on  the  coal  in  grauwacke  of  Ireland,  472. 

Webster,  Mr.,  on  the  plastic  clay  of  the  Isle  of  Wight,  237 ;  on  thefresh- 
water  formation  of  the  same  Island  and  Hampshire,  241 ;  on  the  Pur- 
beck  beds,  303. 

Weiss,  M.,  on  granite  resting  on  cretaceous  rocks  at  Weinbohla,  268. 

Witham,  Mr.,  on  vertical  fossil  trees,  443. 

WoUaston,  Dr.,  on  the  currents  of  the  Straits  of  Gibraltar,  97. 

Woodley,  Mr.  on  rock  basins,  St  Mary's,  Scilly,  43. 

Yates,  Mr.,  on  lakes  formed  by  the  fall  of  mountain  masses,  57. 
Zechstein,  or  magnesian  lunestone,  397. 
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